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The Director’s Letter 


Dear Wember: 


At the present time we know little more 
about cycles than wae known about chem- 
istry in the days of Boyle, Cavendish, 
Priestly, and Lavoisier, the fathers of 
modern chemistry, who made their pioneer- 
ing discoveries about 150 years ago. We 
know no more about cycles than was known 
about*germs in the days of Leeuwenhoek, 
who discovered bacteria. 

What do we know about cycles anyway? 


What we do uot know 


let us start by saying what we do not 
know. 

Pirst. we do not yet know the exact 
wave length of any of the multitude of 
cycles observable in natural and social 
science, except of course the cycle of 
the day, the cycle of the year, the cycle 
of the tides, and other astronomical 
cycles. 

Second, we do not yet know all the cy- 
cle lengths which exist, nor do we know 
the laws, if any, governing the inter- 
relationship between cycle lengths. That 
is, in spite of hints, we do not yet know 
if there are “ families ” of cycles, and if 
the discovery of one cycle implies the 
existence of other cycles a half as long, 
a third as long, a fourth as long, etc., 
or related in some other fixed manner. 

Third, we do not yet know the ultimate 
cause of any of the cycles except the 
astronomical cycles. 

Pourth, our mathematics are not yet 
adequate to tell us the statistical sig- 
nificance of the cycles we discover. That 
is, we cannot yet know the number of tines 


out of a thousand, let us say, that a cy- 
cle of given regularity could occur as the 
result of “ chance ” —that is of random and 
unrelated forces just bappening to come 
at reasonably regular tine intervals. 

Piftth, as yet we cannot forecast on 
the basis of cycles except in terms of 
probability. That is, we cannot 
say that such and such will or will not 
happen. We can merely say that if the ob- 
served cycles continue the odds are 
such and such in favor of a certain be- 
havior. 


What we do know 


Now, what do we know? 

Pirst of all, we know that the fluctua- 
tions of hundreds and hundreds of phenom- 
ena in natural science and in human af- 
fairs fluctuate with a beat or rhythm 
which is too regular to be easily the re- 
sult of random forces. 

Second, many cycles have kept on coming 
true after discovery—in some instances 
cycles have kept on coming true for more 
than eighty years—thus proving beyond any 
reasonable doubt that the observed rhyth- 
mic behavior has significance. 

Third, although some of the observed 
rhythms may be the result of sporadic 
causes which just happen to come at more 
or less equal time intervals, it is incon- 
ceivable that a11 the observed rhythms 
are purely accidental. And, if any of 
the rhythms are real (i.e., not the result 
of random forces), we have stumbled upon 
facts of the utmost scientific importance. 

Pourth, the wave lengths of the cycles 
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discovered in natural and social phenomena 
seem in many instances the same, thus sug- 
gesting a natural environmental cause for 
at least certain of the cycles observed in 
human behavior. 

Fifth, the wave lengths of the cycles 
discovered on earth often correspond to 
the cycles discovered in the sun, thus 
suggesting an astronomical cause for at 
least some of the terrestrial cycles. 

Sixth, most phenomena evidencing cyclic 
behavior act as if they were being acted 
upon by a number of different cyclic 
forces all operating at the same time. 


Applicatijon 


How can we apply our knowledge of cy- 
cles? 

In the present limited state of our 
knowledge I fee] that we should apply what 
we know, first, for general background in- 
formation, and second, on an actuarial 
basis, for actual profit. 

I think you understand wel] enough what 
IT mean by “ general background ” without 
further elaboration, but the term “ on an 
actuarial basis ” may not be clear. 

As you know, an actuary is an expert 
who calculates insurance risks and pre~ 
miums. The basic principle of insurance 
underwriting consists of spreading the 
risk. The insurance people know they will 
lose on some ot their commitments and 
they take these losses in their stride 
because they know that on the av - 
e rage they will come out all right. 
The trick of success is first to know your 
ratios and second to operate with a large 
enough sample so that the law of averages 
has a chance to govern. 

Similarly with a knowledge of cycles, 
instead of trying to figure out what the 
market is going to do, I think that in the 
present state of our knowledge the best 
way to put our knowledge of cycles to 
‘practical use is to find some reliable 
short term cycles which can be 
depended upon to yield consistently sat- 
isfactory results on the aver - 
a ge, when played on a round trip basis. 
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To oversimplify it, suppose for example 
you find a short term cycle of, let us say 
one month in length which, when traded by 
means of a long position for two weeks and 
a short position for two weeks shows a 
consistent record over a very long period 
of time of 8 gains to 4 losses, with gains 
amounting to 3 times losses, and with 20% 
per annum net profit after losses. 

If you were to operate on such a cycle, 
you would count on smal] losses as a mat- 
ter of course, but, if you had isolated a 
true cyclic factor, or factors, you could 
count on more profits than losses, regard- 
less of whether the trend of market was up 
or down. That is, you could spread your 
losses as the insurance company does and 
average them with enough gains to come out 
satisfactorily. If the market were going 
up your long gains would be greater, if it 
were going down, your short gains would be 
greater, but on the round trip it would 
make no difference one way or the other. 

With the knowledge of several short 
term cycles your profits could be expected 
to increase. 


As I look over this issue it seems 
pretty dull. Who carés about 37-year cy- 
cles? Most of us will be dead 37-years 
from now. And anyhow, the article deals 
with sunspots, which seem mighty remote 
from every day living. And who wants to 
know about moving averages? 

What we want to know is whether busi- 
ness next year is going to be good or had, 
when the next war is going to start, 
whether we are going to have a severe win- 
ter, and whether stocks are going to go up 
or down tomorrow—or next week anyway. 

IT want to know these things as much as 
you do, and I will try to make next month’s 
report of greater immediate usefulness. 
Put in justification of the present report 
T want to remind you that in cycle study 
as in other things we have to creep before 
we can walk. If we try to walk too soon 
we may fall down and hurt our faces! 


Very cordially yours, 


Director 


THE 37-YEAR CYCLE 


In the variation in the length of time between 
sunspot maxima (since 301 A. Db.). 

2. In sunspots with alternate cycles reversed 
(since 1749). 

3. In the frequency of the aurora borealis (since 
S0ro stat. 8) 

4. In the frequency of Chinese earthquakes (since 
20 0mAG -D..). 

5. In the floods of the river Nile (since 622). 

6. In the frequency of severe winters in Europe 
(since 330 A. D.). 

7. In temperature at New Haven (since 1781). 

8. In the growth of Arizona pines (since 1460). 

9. In the abundance of lynx (since 1735). 

10.In wheat prices (since 1265). 

ll. In cotton prices (since 1731-32). 

12. In common stock prices. 
(a) In railroad stock prices (since 1831). 
(b) In industrial stock prices (since 1871). 


Summary 


The seeming existence of a 37-year cy- 
cle in 12 different phenomena suggests be- 
havior of the most fundamental importance. 
It would be almost impossible to find a 
cycle of the same length in solar phenom- 
ena, aurora, weather, earthquakes, floods, 
tree rings, and prices—in some instances 
for more than 1000 years—as a result of 


random forces. 
which we have to deal seems to be 


| about 37 years in length. If the work 


of various investigators proves to be 


NE of the more important cycles with 


mt 


correct, this cycle is present in a dozen 
or more different phenomena from sunspots 
to common stock prices, and over periods 
of time which in some instances extend 
back into history for 1000 to 1500 years. 
I find this cycle particularly inter- 
esting not only because it is so important 
but because it has been found both on 
earth and on the sun, thus indicating the 
possibility of some astronomical cause. 
As yet no one knows what this cause might 


be. 


Cause not planetary 


The cause does not seem to be connected 
with the planets. 
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The observed length of this cycle does 
not correspond to the length of time re- 
quired by any of the planets to go around 
the sun (see Cycles—a Monthly Report, 
April 1951, page 135) nor does it cor- 
respond to any simple fraction of any of 
these lengths. 

Neither does the length of the cycle 
correspond to the length of time required 
by any two of the planets to “ get in step’ 
with each other (Cycles—a Monthly Report, 
April 1951, page 137), nor any simple 
fraction of any of these lengths. 


Other Hypotheses 


Of course, you must not rule out the 
possibility that the 37-year cycle in so- 
lar phenomena may be of slightly different 
wave length from the 37-year cycle on 
earth, and hence unrelated to the earthly 
cycles, or that the 37-year cycles on 
earth and on the sun have the same length 
merely by accident. (When cycles in dif- 
ferent phenomena have the same wave length 
this fact merely suggests an in- 
terrelationship; it does not of itself 
prove it.) 

Moreover, it is always possible that 
the long sunspot cycles which come on the 
average at 37 1/2 year intervals may not 
be the result of a 37 1/2-year force at 
all, but may be the result of other cyclic 
forces—perhaps some harmonic of 37 1/2 
years— in combination with the ll-year 
cycle. 

However, assuming for the moment that 
the length of the force is 37 1/2 years, 
that the length of this cycle in the sun 
proves to be exactly the same as the 
length of the corresponding cycles on 
earth, and that there is an interrelation- 
ship, the behavior could perhaps be caused 
by waves of energy coming from space which 
influence both the sun and ourselves, or 
it could perhaps be caused by variations 
of solar radiation of some sort which have 
their repercussions here on earth, or it 
could be some combination of the two. 

What all this boils down to is that as 
yet we do not know anything about cause; 
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at the present time we can merely guess. 

But whatever the cause, a cycle of 
about 37 years seems to be with us, for 
better or worse, apparently on the sun and 
in at least ten different phenomena here 
on the earth. We must know more about it 
if we are to understand the various phe- 
nomena in which it exists, and if we are 
to predict the future behavior of such 
phenomena. 


The twelve phenomena 


Incidentally, in case you did not read 
the subtitle of this article, the twelve 
phenomena ir which this behavior has been 
observed are as follows: 

(a) In the variation in the length of time 

between sunspot maxima since 30] A. D. 
(b) In sunspots with alternate cycles re- 

versed since 1749. 

(c) In the frequency of the aurora borea- 
lis since 385 A. D. 
(d) In the frequency of Chinese earth- 

quakes since 200 A. D. 

(e) In the floods of the river Nile since 
622 A. D. 
(f) In the frequency of severe winters in 

Europe since 330 A. D. 

(g) In temperature at New Haven since 
L781. 
(h) In the growth of Arizona pines since 
1460. 
(i) In the abundance of lynx since 1735. 
(3) In wheat prices since 1265. 
(k) In cotton prices since 1731-32. 
(1) In common stock prices. 
(1) In railroad stock prices since 
18315 
(2) In industrial stock prices since 
1871. 

If I were to tell you about the 37-year 
cycle in all these phenomena in one ar- 
ticle it would take up an entire issue of 
our monthly report. I have therefore 
divided the material into twelve chapters 
and will print it as a continued story, 
putting as many chapters as possible into 
each of various future issues until you 
have the entire account. 


1. THE 37-YEAR CYCLE IN THE VARIATION 
IN THE LENGTH OF TIME BETWEEN SUNSPOT MAXIMA, 


S00 SAS DC 
Summa ry 


A cycle which on the average is 37-1/2 
years long but which varies in length has 
been discovered in fragmentary sunspot 
data from 300 A. D. to the present time. 


For our knowledge of the 37-year cycle 
in the variations in the length of time 
between sunspot maxima we are indebted to 
Mr. H. W. Clough (pronounced Cluff). In 
fact, much of our knowledge of the 37-year 
cycle comes from Clough’s work. 

Mr. Clough was for many years meteor- 
ologist of the U. S. Weather Bureau. He 
is now retired and living at Castile, New 
York, near Rochester. I am sure he would 
be glad to talk cycles with you if you are 
passing near his home and find yourself 
able to stop by. to see him. 

Let me explain what we mean by the ex- 
pression “ variations in the length of time 
between sunspot maxima. ” Then let me ex- 
plain what Mr. Clough found in these var- 
lations. 


Sunspot Maxima 


Sometimes the sun is almost completely 
free from spots. A few spots then appear, 
then more and more spots until, in the 
course of several years, there may be doz- 


The great spot group of 
February, 1946. This is the 
largest spot group recorded 
since Galileo first turned a 
telescope upon the sun in16ll. 
Photographed at the 60-foot 
tower telescope of the Mount 
Wilson Observatory on Feb. 2, 
1946. 

The entire earth could be 
droppen into any one of the 
vast craters shown. It would 
be completely swallowed up and 
never would be missed. 


gs] 


— 1928 A. bp. 


ens and dozens of spots. Then the number 
of spots begins to diminish until even- 
tually, in about 1] years, the surface of 
the sun becomes almost completely free 
from spots again. These spots seem to be 
vortexes of cooler gas, but as yet no one 


knows just why they occur, and partic- 
ularly why they occur in cycles. 

Although the length of the sunspot 
cycle on the average is about 
ll years, the length of any one cycle may 
be anywhere from 9 to 13 years, and in 
extreme instances sunspot cycles have been 
known to be as short as 7 or as long as 16 
years from trough to trough or crest to 
crest. 

Is there any regularity in the coming 
of these longer cycles? The work of Mr. 
Clough indicates that there is, and that, 
on the avera ge_ long sunspot 
cycles come about 37.5 years apart. 


Early Sunspot Records 


The number of spots on the sun have 
been counted, month by month, with in- 
creasing accuracy from 1749 to date. How- 
ever, before that date there are fragmen- 
tary data running back to the earliest 
observed spot of which we have any record, 
the one of 165 B. C. From these frag- 
mentary records it has been possible to 
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reconstruct dates of probable maxima, back 
at least as far as 301 A. D. 

For further particulars you may want to 
refer to the.article ‘‘ Sunspots before 
1750” on pages 253 and 254 in our Septem- 
ber 1951 report, and to Clough’s own paper 
on the subject, “ The ll-year sun-spot per- 
1od, secular periods of solar activity, 
and synchronous variations in terrestrial 
phenomena, ” as published in the Monthly 
Weather Review, Vol. 61, April 1933, pages 
99-108. 

Having the dates of estimated maxima it 
is easy to subtract each from the one fol- 
lowing to get the length of the cycle, 
measured from crest to crest. Thus, as the 
first maximum comes in year 301 and the 
second comes in year 311, the length of 
the first recorded sunspot cycle ee ) 
years. As the third maximum comes in year 
323 the length of the second cycle is 12 
years, and so on. 


1/ 
13. 
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Twenty-four hour develop- 
ment of a spot group. Disc in 
lower left hand corner of 
right hand picture represents 
the comparative size of the 
earth. Aug. 18 and 19, 1917. 
(Mount Wilson Observatory. ) 
Think of craters bigger than 
the earth developing in a sin- 
gle day! 


A 37-1/2-Year Cycle 


Clough plotted these various inter- 
vals in a chart reproduced herewith as 
Fig. 1. When the lengths of the various 
cycles have been plotted this way it is 
easy to see that there is a tendency for 
long cycles and short cycles to alternate 
in a cycle which turns out to average 37.4 
years from end to end or 37.5 years when 
its length is determined by means of least 
squares. 

Qualifications 


In evaluating the significance of 
Clough’s observations you should remember 
that he did not have available to him 
actual dates of sunspot maxima, but merely 
estimates based on fragmentary observation 
and upon early auroral data (which can be 
used because auroras are known to be as- 
sociated with sunspots). But errors of the 
sort which may be in the data would tend 
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This chart shows the variation in the length of the sunspot cycle, measured trom maximum tor 
mum, from 300 A. D. to date. That is, there is a point on the curve for each cycle and these ps 


are plotted in accordance with the length of the cycle represented. The scale is shown at the | 
The horizontal center line represents the typical or average ll-year cycle. Note that the sca! 
reversed so that points representing short cycles are shown above _ the center line and pe 
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The curve represents the relative number of sunspots in a typical sunspot cycle as it 
unfolds over a period of about 11 years. Starting with practically no spots the number 
of spots increases for several years to a maximum, and then decreases again. 

The four views of the sun taken at the times indicated by the vertical white lines 
show the progress of the spottedness over the course of a cycle. The pictures are calci- 
um spectroheliograms. The bright areas show the changing position and size of the floc- 
culi, which accompany the spots. In these pictures you cannot see the actual spots; 


they are underneath the flocculi. 


to counterbalance each other, and, unless 
the data are much less reliable than 
Clough believed them to be, would have 
little or no bearing upon his conclusions. 

Bear in mind also that I am not report- 
ing to you upon the results of my own 
observations, but upon the work of another 
investigator. I hope sometime to have the 
time to check Clough’s findings by the use 
of methods which had not been developed 
when his work was done, and to come to my 
own conclusions in respect to this cycle 
in these figures. When I have done this 
work I shall make my own report to you in 
regard to this cycle, and give you my own 


4600 000 /700 S600 


opinion as to its exact length, either in 
an article in our monthly report or in the 
Journal of Cycle Research, 


A cycle of varying length 
Mr. Clough also found that this 37-1/2- 


year cycle seemed to vary its length ina 
cycle of about 300 years. That is, for 
about four cycles the length of the 37-1/2 
year cycle tends to be less than 37-1/2 
years in length, then for about four cy- 
cles the length tends to be more than 
37-1/2-years in length and so on. But that 
observation perhaps belongs in a story 
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senting long cycles are shown be 1 ow the center line. , 

e points are connected by lines to bring out the fact that these cycle lengths in turn fluctuate 
cycle which averages 37% years over the period of the study (1650 years). The ends of each cycle 
ircled. Note that this is not a uniform cycle of 37% years, but that the cycle is first longer 
nen shorter than 37% years in a cycle which on its part is about 300 years in length. 
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about the 300-year cycle and not in an 
account of the 37 1/2-year cycle itself. 

What does all this mean? 

It means that something on the ‘sun— 
something which has to do with the length 
of the sunspot cycle~or some combination 
of somethings, fluctuates in a period 
which has averaged about 37.5 years during 
some 42 different repetitions over 1650 
years. 


The problem ahead 


The problem ahead is to know the exact 
Jength of the cycle and whether it is a 
simple cycle or a compound of two cycles, 
one slightly over 37.5 years and one 
slightly under 37.5 years. Unless we know 
its exact length we cannot compare it 
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Varying aspects of the 
great sunspot group of Febru- 
ary, 1946, as it was carried 
across the disc by the solar 
rotation. This is the largest 
spot group ever recorded. It 
had an area of 6.3 billion 
square miles, or more than 30 
times the area of the earth’s 
surface. 

These giant spot groups 
were easily visible to the un- 
aided eye through smoked glass 
or thick haze at sunset, and 
in some localities attracted 
wide attention. Photographed 
at the 60-foot tower telescope 
of the Mount Wilson Observa- 
tory. 

This picture and the three 
preceeding pictures and much 
of the material in the cap- 
tions are reproduced from As- 
tronomy by William T. Skilling 
and Robert S. Richardson, 
copyright 1947 by Henry Holt 
and Company of New York. As- 
tronomy is an excellent book 
of nearly 700 pages and over 
300 pictures. If you are in- 
terested in the subject I sug- 
gest that you may want to add 
this book to your library. 


intelligently with the so called 37.5-year 
cycle on earth. 

Also we need to know what this some- 
thing is that fluctuates this way and what 
makes it fluctuate in 37.5-year periods 
instead of in periods of 30, 40, or 50 
years. We also need to know. by what mech- 
anism it affects terrestrial affairs, if 
it does. However, these questions are more 
for the astronomers than for the students 
of cycles. Our work as cycle students is 
finished when we give the exact wave 
length, shape, amplitude, calendar timing, 
and probable significance of the cycle. 
In this particular instance all this work 
has yet to be done, in spite of the 


work of Mr. Clough reported upon above 
which has blazed the way. 


STOCK MARKET CYCLES BY “PREDIX” 


Summa ry 


A comprehensive, scholarly, cycle analy- 
sis of stock market prices has just been 
published by Vedder Hughey under the trade 
name of “ Predix. “ Hughey has isolated, 
synthesized, and projected 19 cycles in 
stock market prices from 1854 to date. The 
techniques developed by Hughey are in- 
genious and significant. His work is worthy 
of serious consideration. 


OU will join with me, I am sure, in 
being much interested and impressed by 
an analysis of stock market cycles 
recently published by Mr. Vedder Hughey of 
Coral Gables, Florida, under the trade 
name of ‘“ Predix. ” 
Mr. Hughey’s publication consists of a 
large (32"x 22") three color chart together 
with a 24-page booklet. 


What the chart shows 


The chart shows quarterly average com- 
mon stock prices from 1854 through the 
second quarter of 1951; it plots.the trend 
and diagrams 19 different cycles found by 
Mr. Hughey in these quarterly averages; 
and it shows the amplitude and timing of 
each cycle. The chart projects the trend 
and each of the discovered cycles through 
1972. The chart also shows a combination 
or synthesis of the trend and al] of these 
19 cycles. It compares this synthesis with 
actual stock market behavior 1854-1951 and 
projects the synthesis through 1972 to 
show the combined effect if the indicated 
cycles are real and continue. 


The booklet 


The booklet tells something of the 
methods used, gives a test forecast 1928- 
1952 based on data no later than 1915, and 
gives tables showing the actual numerical 
value of the index (in logs), the combina- 
tion of cycles and trend, and the residue. 
It also gives dates and numerical values 
of the turning points of each of the 19 
waves. 

The job impresses me as honest, schol - 
arly, competent, and worthy of the most 
careful consideration by all serious stu- 
dents of cycles. 
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The cycles found 


In spite of a gracious release of copy- 
right in our favor printed on his chart, 
it would not be fair to the enormous a- 
mount of work put into this project by Mr. 
Hughey to tell you what his projection 
shows for the future or the amplitudes and 
dates of his various cycles; but I am sure 
he would not object to my telling you the 
wave lengths of the cycles he discovered. 
I am going to do so below in comparison 
with my own preliminary work of 1943-44 
reported upon for you in the March, June, 
and September 1951 reports. 


Indicated Wave Length 


Dewey 
Pre liminary 
Reconnaissance Predix 
2.58 years 
2.82 years 
D806 ws 
82405 32388! 
3279% 8 
ABD 4.88, 
5502 18, 
BOT Eee G00 « ate 
686 mas 
Uys D alerts 
Ted On 
Soliaan: 
Se50en a 
9220 We OOP Te 
10. sd 
105655 
11500025 
12500 12. OOM 
13,00 497 
T4250 
16. « 
18.3 ‘ 
1935 ew 
215.00" 4 
23025 tae 
30:00:47 7%, 
37,50 
51 500s 


Several things are of interest in this 
comparison. 
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The 19 1/2-year cycle 


First of all, note that Hughey’s fifth 
longest wave is 19.5 years long. This wave 
was not discovered by me in my preliminary 
work of 1943-44 but I subsequently dis- 
covered it in railroad stock prices and 
reported upon it to you in our September 
report on page 255. You will remember that 
I set the length at 19.4 years, but I am 
sure Mr. Hughey and I will not quarrel 
over the half of one per cent difference. 
Hughey’s work was published before my work 
was published and. his work was done before 
my work was done, so clearly, he should 
get credit on all counts for the discovery 
of this cycle. On the other hand, my work 
was completed before Hughey’s work was 
published or J] knew any of his findings 
and thus provides an absolutely independ- 
ent check. 


The 37-1/2-year cycle 


Similarly, in regard to the 37-1/2-year 
cycle. My work on this cycle in these fig- 
ures is not yet finished, but it has gone 
far enough so that it is very clear to me 
that there has been a cycle of this gen- 
eral order of magnitude in stock market 
prices. I shall report to you upon my own 
work on the cycle in connection with the 
continued story about the 37 1/2-year cy- 
cle in twelve different phenomena which 
starts with this issue. But it is inter- 
esting that Hughey should come up inde- 
pendently with this exact length. Thus in 
two instances my current and more detailed 
work confirms Hughey’s work. This fact 
tends to substantiate the reliability of 
both his work and mine. 


Other cycles found 


In five other instances our work also 
agrees. We both get 3.40-year cycles (Hugh- 
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ey 3.38), 6.07-year cycles (Hughey 6.00), 
9.20-year cycles, and 12.00-year cycles. 

In addition to these seven instances, 
there are nine cycles indicated as possi- 
bilities by my reconnaissance which are 
not verified by Hughey’s work and twelve 
cycles indicated by Hughey’s work not in- 
cluded in my work so far. 


First contact 


My first contact with Mr. Hughey—a 
member of the Foundation—came on May 5, 
1949, when he wrote in answer to my first 
quarterly letter to lay members, to say 
that he was making a section moving aver- 
age analysis of stock market prices by 
means of I. B. M. punch cards, that he had 
several columns on his cards open, and 
that he would be glad to turn them over to 
me for scientific work in the event I was 
interested. 


Mr. Hughey engulfed in work 


I sent him the promised material, but 
although I wrote him in 1950 and again in 
1951 to ask how he was coming on, I heard 
nothing ‘further from him until July 20 of 
this year when an enormous package of I. 
B. M. tabulation sheets arrived in the 
mail, followed quickly by a letter and by 
complimentary copies of the Predix chart 
and its accompanying booklet. 

IT am much impressed by the quantity and 
quality of Mr. Hughey’s work. Where his 
work and mine agree we uphold each others 
hands, as it were. Where we differ we en- 


courage each other, and other investigat- 
ors, to conduct further research. And by 
the very fact of differing we put everyone 
on notice that the present state of our 
knowledge of cycles is only partial and 
incomplete, albeit growing with great 
rapidity. 


MARECHAL’S STOCK MARKET FORECAST OF 1933 


N his book New Methods for Profit in 
| the Stock Market, Mr. Garfield A. Drew 

reproduces on page 162 a copy of a 
forecast of stock market prices as cal- 
culated and drawn in late 1933 by George 
Marechal, formerly of Montreal, Canada. 
Mr. Drew states that one of the original 
copies of this forecast has been in his 
personal possession since 1935. 

In my copy of Drew’s book, published in 
1948, Marechal’s forecast is included only 
through 1948, but through the kindness of 
Mr. Drew, the remaining values of Mare- 
chal’s original forecast have been made 
available to you and are included in the 
chart shown on the opposite page. 

As each year in Marechal’s forecast was 
divided into six parts, Mr. Crew added the 
actual fluctuations of the Dow-Jones In- 
dustrial Averages on the same basis by 
taking the high and low for two month 
periods. 


Remarkable Similarity 


As Mr. Drew says, “ Clearly, the pattern 
of the forecast and the actual pattern of 
the market miss many times in detail and 
exact timing. Nevertheless, the broad 
picture of the trends from 1934 through 
1947, at least, is remarkably similar. 
The basic downtrend from 1936-1937 to 1942 
is plain, and likewise the uptrend from 
1942 to 1946, although the latter shows up 
as a much more zigzag pattern in the fore- 
cast than was actually the case. Thus, 
the year 1944 by itself, for example, 
appears as a down period, whereas it was 
really an up year. 

“When the year 1947 ended, the Dow-Jones 
Industria] Average had spent sixteen 
months within a 16% price range—one of 
the narrowest and longest such movements 
on record. It is interesting, therefore, 
that the forecast also showed sixteen 
months of similar back and forth movement 
within—except for one quick dip—exactly 
the same price range. 

“As far as the situation at the time the 
comparison in Figure 10 (June, 1948) ends 
ls concerned, it is evident that if the 
broad accuracy of the preceding 14 years 
is to be maintained, 1948 must—on the 
whole—witness a rising price level. A 
definite downtrend going substantially 
into new low territory by the year-end 
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would produce a greater discrepancy be- 
tween the forecast pattern and the actual 
course of prices than at any other time in 
the record. The fact remains to be seen 
at this writing, but in line with his 
original forecast made years before, 
Marechal always insisted that 1946-47 was 


not a ‘bear market,’ but an interruption 
‘in a long upward trend, comparable to the 
break and market hesitancy during 1926 in 
the long upswing from 192] to 1929, ” 

In a letter to me dated July.12, 1951 
Mr. Drew said, speaking of the six addi- 
tional points on the curve which he pro- 
vided, ‘‘ I should say, however, that this 
1s nothing Marechal has recently added, 
but was on the original. Of course, his 
time element was too far ahead and the 
actual period of hesitation between 1947 
and 1949 was longer than he originally 
showed. However, at least the basic con- 
ception of a new high by a wide margin was 
correct. 

“The old original forecast made some 
years ago does not go beyond what is shown 
on the enclosed copy. However, J know that 
on what Marechal worked out several years 
ago, a severe decline follows the recent 
peak—apparently to what would be 150 in 
the Industrial Average. ” 

On Aug.2, 1951 Drew wrote me ‘‘ Inci- 
dentally, although Marechal is long-term 
bearish, he thinks there will probably be 
a new high first. ”’ 


Cycles Included 


This projection is included here first 
to indicate that, if you know enough, eco- 
nomic fluctuations can be at least par- 
tially predicted and second because, in 
making this forecast, Marechal took into 
account “ al] important cycles ” as well as 
various trend and resistance lines pro- 
jected into the future. 

The chart, up to and including 1948, 
and the quotations concerning it are re- 
produced from Mr. Drew’s book through the 
courtesy of the Matcalf Press, Boston, 
Massachusetts, which holds the copyright. 
Incidentally, if you are interested in the 
stock market and do not own this book, I 
think you would be well advised to get a 
copy. You can get it from any book store 
or through the publication office of the 
Foundation. The price is %4.50. 
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TEN IMPORTANT QUESTIONS 


Dear Sir: 

T received your letter of welcome to 
the Foundation, for which I thank you. 

I am intensely interested in the study 
of cycles although I have done no work a- 
long that particular line. I would like 
to, however. . . 

(1) If cycles in the stock market are 
caused by extremes of optimism and pessi- 
mism of people, do they coincide with cy- 
cles of inanimate data like tree rings or 
animals? Or is there an underlying prin- 
ciple for both? 

(2) If cycles are ‘‘ the science of pre- 
diction ” of what practical use are they 
with the margin of error in time that you 
now find? Since the error in time varies 
with the length of the various cycles, is 
it possible after observing a turn in a 
short cycle to compare the situation with 
a longer cycle and arrive at reliable con- 
clusions as to how far the longer cycle 
has progressed in comparative amplitude? 
It is hard to make my point clear on this 
one. 
(3) In the market cycle, I watch the 
action progress by working down from the 
main trend to the minor trend. That is, 
if the main trend is up, the intermediate 
trend up, and the minor trend turns down, 
is the intermediate trend also turning or 
will there be one or more minor up-trends? 

(4) It would seem to me that all the 
smoothing, etc. you do with the data in- 
crease the error in accuracy. It may put 
out the fluctuations but it seems to get 
away from the main consideration which is 
to know in advance if possible when a cy- 
cle is going to change? 

(5) If you know as you do that the pre- 
sent method of constructing cycles seldom 
results in coinciding with the actual tops 
and bottoms, and that the actual cycles 
vary in length of time, why not recognize 


that fact and construct the projected cy- 
cles of irregular length by means of com- 
bining them? 

(6) Do cycles of various lengths show 
or coincide with the actual tops and bot- 
toms of the data in accordance with ampli- 
tude? That is, if a 41 month cycle in the 
stock market is due to make a top say 
three years from now but the 9 year cycle 
top is not due for say six years, does 
that indicate the probabilities are that 
the top six years from now will be the 
more important one? 

(7) I have found that the characteris- 
tics of short trends are similar to those 
of the longer trends? Does that same 
principle apply to cycles? If so, and if 
you lack sufficient data for study, why 
not construct daily or even hourly cycles 
of the market for analysis. By the way, 
have you any indications of the length of 
cycles that have been determined daily or 
hourly? I would like to work on this sub- 
ject if you think it would be construc- 
tive. I have plenty of back figures to 
use. There seems to be indications of 2]- 
41 and 81] days and also hours. 

Should market or calendar days be used 
in this work? 

(8) Moving averages of the market show 
a varying rate of change as they approach 
tops and bottoms. Why cannot this factor 
be used to determine the particular phase 
or relative position a cycle is in? 

(9) Paragraph 5, page 202 of June 195] 
Report states “A third factor that makes 
the actual low come ahead or after ideal 
timing ”. Does not that prove that the 
secret of more accurate results comes from 
combining two or more cycles into one cy- 
cle of irregular timing? 

(10) Paragraph 2, column 2, same page, 
states ‘‘ The effect of the 54 year rhythm 
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etc.’ Is it a mathematical proven fact 


that its effect in the last year of the 27 
is no greater than during any other one- 
year period? If so, can it be proved 
mathematically that its effect 1s greater 
than the 9 year cycle during that same 
period? 

Well, Dr. Dewey, I guess I have already 
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taken too much advantage of your kindness, 
so I will close this letter. I enjoy 
reading your reports very much indeed. 

Thanking you for any comments you may 
have. 


Sincerely, 
William RB. Freeman 


Providence, R. I. 


THE ANSWER 


Dear Mr. Freeman: 

It is a pleasure to try to answer your 
questions, in order, to the best of my 
ability. 


Answer to Question Number One 


1. I used to think that cycles in the 
stock market were caused by extremes of 
optimism and pessimism of the people who 
bought and sold stocks. Something in the 
atmosphere, let us say, made a group of 
people bearish or bullish all at the same 
time. And this indeed may be the truth for 
some of the cyclic fluctuations in the 
market. 

On the other hand, as you can see by 
reference to the six periodograms prepared 
by Mr. E. S. C. Coppock and published in 
our March ’5] report, different stocks have 
very different cycles, and of course we 
know different industries have very dif- 
ferent cycles too. 


Market Cycles 
May be Reflection of Industry Cycles 


T am therefore inclined to believe that 
at least some of the cycles we observe in 
the market are the reflection of cycles in 
the industries involved rather than mass 
movements of optimism and pessimism of 
traders as a whole 

Do these cycles in the market coincide 
with the cycles that are found in natural 
science? 


Market Cycles and Natural Science Cycles 
Often Have Same Length 


We do not yet know enough to answer 
this question with assurance. For the 
past 50 years or so the most important 
medium-length cycle in the market has been 
about 41 months in length. Professor 


Huntington finds a cycle of this length in 
atmospheric electricity. Sterne of Har- 
vard found cycles of this length in solar 
radiation. I am informed that a cycle of 
this length is an important element in 
certain relatively successful long range 
weather forecasts (but I do not know this 
of my own knowledge) and Garcia-Mata finds 
a cycle of this length as a minor con- 
stituent of sunspot numbers. 

For the past 50 years this cycle has 
also been an important characteristic of 
the number of international battles. 

Lemmings are also supposed to migrate 
in a cycle of about 3 1/2 years but I have 
never been able to assure myself that 
these migrations fall in to a 4] month 
pattern. ; 

As far as I know no one has ever 
tried to see whether or not there is a 4] 
month cycle in the alternate thickness and 
thinness of tree rings. 

Or take another example: 

There is very definitely a 6 year cycle 
present in the stock market as well as in 
the production and/or sales of many large 
American corporations. I devoted almost 
all of our December 1950 report to this 
cycle and showed it to be present in each 
of some 95 different companies. This 6 
year cycle is also present in tree rings 
at Fairlee, Vermont, in barometric pressure 
at New York and in sunspots with alternate 
cycles reversed. 

T could go on at great length and fill 
several pages to give illustrations of 
cycles which are present in the market and 
for which there seem to be exact counter - 
parts in nature. 

On the other hand I could give you the 
length of many cycles in the market for 
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which, as yet, no natural science counter- 
parts have been found. And I could give you 
many cycles indisputably present in nature 
which have not yet been found in the 
market, for example, the 9.6-year cycle 
which has dominated the abundance of many 
forms of wild life in Canada since at least 


1F30G 


Answer to Suestion Number Two 


2. You asked about the practical use of 
the knowledge of cycles. If one attempts 
to rely on the knowledge of any one cycle 
there are, as you say, difficulties. The 
actual crest is almost certain to come 
either before or after ideal timing, but 
it seems to me that even so there is a 
certain very definite advantage in knowing 
what the probabilities are. That is, it 
seems to me important to know that in the 
majority of instances the highs tend to 
come so many months or weeks or days one 
way or ,the other of perfect timing and to 
have similar information for the lows. It 
seems to me valuable to know that at the 
exact time of high such-and-such a value 
can be expected in a majority of in- 
stances. 


Actuarial Basis of Operation Recommended 


Your question is akin to the question, 
‘‘What is the value of life expectancy 
tables? ” The answer is, no value at all, 
if you want to know the exact date on 
which your millionaire Uncle Henry is 
likely to die. However information of 
this sort is very useful indeed if you are 
running an insurance company and want to 
play the averages. 

The corollary of allthis is, as a 
practical matter, if one insists upon 
limiting oneself to a knowledge of one 
cycle, that one should choose a very short- 
term cycle where one can operate on an 
actuarial basis and come out satis fac- 
torily on the average regardless of how 
one may come out on any individual trans- 
action. 


Use of Several Cycles is Preferable 


However, why should one limit oneself 
to a single cycle? By taking a number of 
cycles into account, one can get a much 
closer approximation to the truth and can 
expect to know in any given instance 
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whether, by reason of the short-term cycle, 
a crest (or trough) is likely to come 
ahead of or after ideal timing. 

To answer the second part of this ques- 
tion, it is not only possible but in my 
opinion essential to adjust for the short- 
term cycles, to see how the long-term 
cycles are progressing, and to adjust for 
the long-term cycles to learn the progress 
of the trend. 


Ae 
RO ™ 
B 
18 mo. 2Imo 
CG 


If a series of figures acts as if it 
were influenced by a cyclic force A, and 
also by a cyclic force R, we can get a 
more accurate representation if we combine 
the cycles, as in C. Also, if the cycles 
are real and continue, C if projected will 
give a much better forecast. 


Answer to Question Number Three 


3. You asked, ‘‘ If the main trend is up 
and the intermediate trend up and the 
minor trend turns down, is the inter- 
mediate trend also turning?” 

If you have your short cycles correctly 
determined, you can adjust for them just 
as you would for a seasonal pattern and 
discover whether or not the intermediate 
trend is turning or is still continuing. 


Answer to Guestion Number Four 


4, Smoothing of data is an expedient to 
minimize some of the fluctuations so 
that the other fluctuations can be seen 
more clearly. A short-term smoothing 
enables you to see the cycles of medium 
length more clearly. A medium length 
smoothing enables you to see the long 
cycles more clearly. Having determined 
the length of the various cycles and 
having combined and projected them, one 
should then compare behavior with the 
actual unsmoothed data. 
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A, unsmoothed curve. The cycle is hard 
to see. 

B, smoothed curve. A cycle becomes read- 
ily visible. 


Answer to Juestion Number Five 


5. Your question illustrates what in my 
mind is the correct method of proceeding. 
It is the method I used in the projection 
printed on pages 220 and 221 of the June 
1950 issue. 

By using 10 different cycles all of 
different lengths and amplitudes, I made a 
projection in ]944 which, considering the 
crude preliminary nature of the work done 
at that time, seems to me to have turned 
out quite satisfactorily over the course 
of the 7 years that have elapsed since it 
was made. 


‘Answer to Question Number Six 


6. As nearly as I can determine it, the 
amplitudes of the various waves of a 
cycle remains constant in their percentage 
effect. If the amplitude of the 9-year 
cycle at crest is 120% of trend and the 
amplitude of the 41 month cycle at crest 
is also 120% of trend and if the crests 
come together, the combined amplitude 
would be 120% of 120% or 144% of trend. 

To get the combined effect of two 
cycles one has to determine the value of 
each cycle for each month as a percentage 
of trend and multiply these values to- 
gether. 

In the hypothetical example you give 
the top 6 years from now would be def- 
initely more important than the top 3 
years from now. 
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This chart shows the combination of a 
hypothetical 9-year or 108-month wave and 
a hypothetical 4]-month wave. The combined 
effect is shown by a broken line. 


Answer to Cuestion Number Sevan 


7. For the most part the cycles I have 
studied seem to have the same shape. They 
seem to go up and down in straight lines 
when the percentage variation from trend 
is plotted on log paper. For the most 
part they are symmetrical with the lows 
exactly midway between the highs. 

On the other hand, I have not yet been 
able to discover any laws governing the 
interrelationship of cycle length. Some 
people feel that cycles exist in what is 
sometimes called triple progression. That 
is, 1f you have one cycle of 2 years in 
length you will have another cycle of 6 
years in length, another of 18 years in 
length, and so on. 
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Other people believe that cycle lengths 
bear harmonic relationship to each other. 
That is, if you have a cycle 60 months 
long, you will have’ other cycles half that 
length or 30 months; a third of that 
length or 20 months; a fourth of that 
length or 15 months and so on. 

IT myself have found a number of in- 
stances to substantiate each of these two 
theories and have also noticed, with what 
seems to me to be too great a frequency 
to be mere chance, a tendency for monthly 
cycles to have their counterparts in 
annual cycles (or visa versa). That is, 
you find what seems to be 9.18-month 
cycles and 9.18-year cycles; 5.55-month 
cycles and 5.55-year cycles. However, I 
feel our knowledge of cycle length is 
still too incomplete and too crude to 
justify generalizations. 


Too Soon for Theories 


The truth is that there are so many 
cycles and that the lengths have been 
measured so crudely that it is possible to 
spin almost any kind of a theory that you 
want and find a good deal of backing for 
1t 

You will remember that Tyndall once 
said that an idea in a empty head had the 
time of its life because it could rotate 
in any orbit it choose without having any 
facts to bump into. 

IT have done very little work on daily 
and hourly stock market cycles but J 
should think work in this direction might 
be very fruitful. 

My own belief is that the price cycles 
are the results of environmental forces. 
Therefore, in the absence of evidence to 
the contrary, I should think that calendar 
days instead of market days should always 
be used. To get a homogeneous series of 
figures, values for Saturdays, Sundays, and 
holidays can be interpolated. 


Answer to Guestion Number Eight 


8. You speak of the varying rate of 
change of moving averages as they approach 
tops and bottoms. Is this behavior due to 
a nonlinear shape of the cycle or is it due 
to the fact that the actual top or low is 
usually brought about by a combination of 
cycles? 

However, regardless of which of these 
circumstances may be the truth, I should 
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think this factor could very definitely be 
used to advantage for orientation. I 
know at least one man who operates a very 
successful forecasting business largely on 
the use of this principle. 


‘Answer to Question Number Nine 


9. The entire sentence that you started 
to quote reads, “A third factor that makes 
the actual low of a major price cycle come 
somewhat ahead of or after the idea] tim- 
ing is the fact that there are a number of 
other shorter cycles in prices riding on 
the back of the big cycle. ” 

As I implied, the secret of more 
accurate results lies in combining several 
cycles into one pattern of irregular 
timing. 

Answer to Cuestion Number Ten 


10. The entire paragraph to which you 
refer reads as follows, “ The effect of the 
54-year rhythm in prices over a 27-year 
span 1s very important indeed, either on 
the down side or on the up side, but its 
effect in the last year of the 27 is no 
greater than its effect during any other 
one-year period starting with 1925. ” 

This statement is based on my obser- 
vations that most cycles seem to average 
out to a linear or zigzag shape. On the 
other hand, Mr. W. C. Yeatman of Los 
Angeles states accurately that if cycles 
are truly zigzag in shape, moving percent- 
ages of these cycles should have flat 
tops. This is an obvious truism. Mr. 
Yeatman then asks me if I have ever seen 
moving percentages of cycles evidencing 
flat tops and I have to answer that I have 
not. This fact casts doubts on the accu- 
racy of my observations in regard to 
cycle shape. 

As for the second part of your question, 
it is very easy to determine approximately 
the over-all amplitude of each cycle and, 
by dividing this over-all effect by the 
number of months or years in half a cycle, 
to get the effect for any single month or 
year and to see the relative importance per 
unit of time. 

TJ trust this letter answers your ques - 
tions and that if you have more questions 
you will write to me again. 

Very cordially yours 
Edward R. Dewey 


Director 


DEFINITIONS ASKED FOR 


0. I am mixed up about the precise 
meaning of the words cycle, rhythm, wave, 
and periodicity. 

A. These terms are very confusing be- 
cause we al] use them so loosely. 

Strictly speaking a cycle is a coming 
around again to the place of beginning. 
It comes from a Greek word meaning circle. 
Thus the life cycle of the moth runs from 
egg to larva to pupa to moth and back to 
egg again. The business cycle runs from 
one depression through a boom back to a 
depression again. 

Rhythm comes from a Greek word meaning 
measured time. It is applied to phenomena 
which recur with a beat. Thus music and 
poetry and drum beats and heart beats have 
rhythm. So do cycles the highs or lows of 
which recur with reasonable regularity. 

An absolutely regular cycle is called 
a periodicity. 

One cycle, from crest to crest or 
trough to trough is called a wave. 

The trouble comes from the fact that 
in actual practice these strict meanings 
are not often adhered to. 

For example, one speaks of the 9.2- 
year cycle in the stock market or the 9.2- 
year wave in the stock market when one 


really should say ‘‘ the 9.2-year rhythm ” 
(if one is speaking about the tendency of 
the market to fluctuate with a beat of an 
average interval of 9.2-year between 
crests (or troughs)); or else should say 
‘*the 9.2-year periodicity ” (if one is 
speaking about the idealized behavior 
which is exactly 9.2-years from crest to 
crest or trough to trough). 


Our concern is with Regular Cycles 


When you and I speak about cycles we 
almost always mean regular or rhythmic 
cycles—rhythms. In fact that is the only 
kind of cycles in which we are interested. 
However many people are interested merely 
in the sequence of events during the 
course of a cycle—say from low to low. 
Such people may have no interest at al] in 
trying to see if there is any regularity 
of timing between lows, yet they are quite 
correct—such is the looseness of our 
language—in describing their interest as 
the study of cycles, too. 

Hundreds of books have been written 
about the business “cycle”, using the work 
quite correctly, in which there is not one 
sentence to imply that the cycles repeat 
with a tendency toward regularity. 


WHAT JUSTIFICATION FOR CLAMING A 9.2-YEAR CYCLE 
IN THE STOCK MARKET ? 


Q. Granted that there is some corres- 
pondence between the smoothed stock market 
figures shown in Curve B on pages 206 and 
207 of your June report and your 9.2-year 
zigzag, (a) what justifications do you 
have for saying that there is a 9,2-year 
cycle? (b) Couldn’t the observed behavior 
have come about by accident—that is as 
the result of random forces? (c) In fact 
couldn’ t you find ‘‘ cycles ” even in 
numbers taken at random from a telephone 
book, let us say? 


A, Let me answer your questions in 
reverse order. 


Cycles in Random Numbers 


(c) Very definitely yes, you can find 
rhythmic cycles or tendency toward reg- 
ularity in random numbers, such as numbers 
from a telephone book. 

The whole matter is one of degree, —the 
extent towhich the various waves conform to 
a perfectly regular pattern and the numbers 
of times that the pattern has continued. 
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You can easily fit a perfectly regular 
cycle (periodicity) to random numbers, but 
the correspondence between the random 
numbers and the regular cycle is not great, 
especially if the series of random numbers 
is long, and such cycles therefore have no 
significance. 


Cycle in the Market Perhaps Random 


(b) Of course the behavior shown in the 
stock market chart could have come about 
as a result of random forces. 

Something could have given the market a 
stimulus in 1860. Another something 
could have come along in 1870. A third 
something (entirely unrelated) could have 
come along in 1878, and sco on. It could 
be that we have here a series of ten dif- 
ferent somethings which just happened, at 
random, to come at or near 9-year inter- 
vals. The proper question is not ‘ Could 
this be random fluctuation ”, but rather, 
‘‘What is the probability of randomness? 
How many times out of a hundred could one 
get cycles or waves as regular as these 
purely as a result of a random distribu- 
tion of forces? ” 


The 9.2-year Cycle a Fact 


(a) Your first question asks my just- 
ifications for saying that there is a 9,2- 
year cycle in these figures. 

IT think we may be using the word cycle 
in a slightly different way. I think that 
you feel that by the use of the word 
“cycle ” I mean to imply that the waves are 
interrelated, are the result of a common 
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cause, and therefore will continue, but I 
do not. 

Would it help things if I changed the 
wording to say that there have been oscil- 
lations in these figures (which is a pure 
statement of fact), and that a perfectly 
regular 9,2-year pattern more or less fits 
these oscillations (which is also a simple 
matter of fact)? That is all I mean when 
I say that there is a 9.2-year cycle in 
these figures. 

It follows that my justification for 
saying that there is a 9.2-year cycle is 
(has been) present in these figures is the 
simple fact that it is true—if we both 
use the words involved in the same way to 
mean the same thing. 


Real Cuestion is its Significance 


The question properly therefore is not 
whether there has been a 9,.2-year cycle in 
common stock prices for the past 95 years, 
but whether the degree to which the ob- 
served behavior conforms to an arbitrary 
rigid 9,2-year pattern is enough to 
justify the opinion that the behavior is 
the result of some underlying rhythmic 
force which, having continued for 95 years 
(throughout ten cycles) may be expected to 
continue into the future. 

I get cross when people question the 
existence of cycles, because that is non- 
sense. But I never get cross when they 
question the significance of the cycles 
(oscillations-waves), because such scep- 
ticism is very wholesome and searching and 
we need more of it. 


OTHER QUESTIONS 


Question: Has any work been done on the 
weighting of economic cycles, particularly 
in relation to the 4]-month, the 9-year, 
the 18 1/3-year, and the 54-year cycles? 


Answer: All these four cycles have been 
weighted with great accuracy in many differ- 
ent economic time series. 

You can get the approximate average 
strength in a number of instances by re- 
ferring to the scales at the left of 
various charts in Cycles—The Science of 
Prediction. 


Cuestion: Why are the trends in the “basic” 


industries of significance to all of our 
people and not merely the stockholders, 
workers, and executives of these industries? 


Answer: Because the basic industries them- 
selves are such large consumers, and be- 
cause their stockholders, workers, and 
executives also loom large in the entire 
economy as consumers and as sources of 
capacity. 


Additions to the Library | 


‘The 11-Year Sunspot Period, Secular 
Periods of Solar Activity, and Synchronous 
Variations in Terrestrial Phenomena, ” by 
H. W. Clough, reprinted from the Monthly 
Weather Review, Vol. 6], April, 1933; 9 
pages, 7 charts, 3 tables,& references. 
Gift of Mr. Clough. 


It is impossible to do justice to Mr. 
Clough’s paper in a few notes. Consider- 
ation of the material presented is a must 
for all students of long term cycles. 

In addition to the ll-year period 
Clough discusses the 37-year period, the 
83-year period, the 300-year period and 
the 1400-year period. 

The 37-year period is reported upon 
as found in the increase and decrease of 
length of the sunspot cycle, in the fre- 
quency of auroras, in the frequency of se- 
vere winters, in the frequency of Chinese 
earthquakes, in wheat prices in England 
expressed as a percent of the secular (long 
term) trend, in the annual growth of 
Arizona pines, and in the floods of the 
River Nile. See pages 277 to 282 of this 
issue for the first installment of an 
article on this cycle. 

The 83-year period is reported upon as 
found in the variation in the length of 
sunspot cycles, in the frequency of 
auroras, in the frequency of severe 
winters, in the frequency of Chinese 
earthquakes, in the growth of sequois per 
decade, and in the low stages of the River 
Nile. 

The 300-year period is reported upon as 
found in the length of the 37-year period, 
in the length of the 83-year period, in 
the average of ll-year residuals, in the 
raininess of Europe, Belgium, and China, 
in the severity of winters of Europe, 
China, and Belgium, in the frequency of 
ice in Danish waters, in the low stages 
of the Nile, in the growth of sequoias, in 
the abundance of auroras, in the frequency 
of earthquakes in China and in the whole 
earth, in the lag of the maxima of 37- 


year cycles of severe winters after the 
dates of the maximum acceleration of the 
ll-year solar cycles, and in the lag of the 
maxima of the 83-year cycles of severe 
winters. 

The 1400-year period is reported upon 
as found in the variations in the length 
of the ll-, 37-, 83-, and 300-year solar 
periods, in rainfall] in Europe and Asia, 
in temperature in Europe, and in the thick- 
ness and thinness of tree-rings. 


Guantitative Methods in Politics, by 
Stuart A. Rice, Alfred A. Knopf, New York, 
1928, 331 pages, 5] tables, 22 charts. 
Gift of Dr. Rice. 


This book, concerned as it is with 
quantitative measures of political ac- 
tivity, provides many tables of figures of 
value to the student of cycles. 

In addition, in the last three chapters 
Dr. Rice discusses cycles in party ‘* turn- 
over” in the New Jersey assembly vote, 
cycles in the reelection of experienced 
congressional incumbents, and cycles in the 
amplitude of the electorial swing, i.e. 
landslides, one way or the other. 

In this connection Dr. Rice calls 
attention to ‘‘ the comparative regularity 
of the cycles of landslide indexes. The 
period of these seems to vary from eight 
or ten to twelve or fourteen years. The 
regularity disclosed could scarcely result 
from chance. ” 


Cyclical Analysis—Industrial Common 
Stock Index, 1854-1951, together with 
32”* 22” chart in three colors, by PREDIX 
(Vedder Hughey), 1951, Coral Gables, 
Florida; 24 pages, 20 tables, 2 charts, 
plus the supplemental chart referred to 
above. Gift of Mr. Hughey. 


See review of this material on page 283 
of this issue. 
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FOREWORD 


Many of the scientists ana others who wish to study the cycles in their re- 
spective fields are not statisticians. Nor do they wish to wade through text 
books of statistics to find out how to deal with the cycles which they find 
in the data with which they currently work. Moreover, even if they were willing 
to spend the necessary effort, it would not profit them too much, for the text 
books simply do not explain enough about the various techniques of cycle analysis 


to provide adequate help; the elementary text books often ignore the subject 
almost entirely. 


Tt therefore seems desirable for the Foundaticn to issue a series of simple 
informal Technical bulletins on the subject of cycle analysis. It is hoped that 
these bulletins wll place adequate working knowledge of the diferent statistical 
techniques within easy reach of the many workers who have come across cyclic 
behavior, and who wish to study the cycles they have found. 


These bulletins are intended primarily for natural scientists such as bio- 
logists, geologists, physicians, dendrochronolo;¢ists, climatologists, astro- 
physicists, agronomists, hydrologists; for social scientists such as sociolo- 
glsts, economists, anthropologists; for business statisticians not previously 


too familiar with analyses of this sort, and for classroom use in courses of 
statistics. 


Bulletin No. J] outlined the subject. Bulletin No. 2 gave one test for the 
significance of a discovered cycle. Hulletin No. 3 described the Hoskins Time 
Chart. This bulletin deals with the moving average. 


future bulletins will deal with the moving percentage, the moving section 
average, autocorrelation, simple and multiple harmonic analysis, the analysis of 
non-hamonic functions, the periodic table, the periodogran, bracket analysis, 
optical, mechanical, electrical, and punch card methods of resolution, and vari- 
ous other tools that should be in the kit of ail workers in this field. Some of 
the titles sound fomnidable, but the subject matter is really very simple, and 
will be spelled out so that anyone with a knowledge of simple ari thme tic will be 
able to perform all the necessary operations, except those involving the use 
of machines. 


The following pages should be thought of as a preliminary dratt being circu- 
lated for comment, criticism, and suggestions. The reader 1s requested to contri- 
bute all he can—by way of questions, critici sa, and notations of any errors that 
may have crept in — toward making the next edition plainer and more easily com- 


prehensi ble. 


January, 1950 
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Cycle Analysis: The Moving Average 


By Edward K. Dewey 


Director, 


The moving, average is a mathematical tool 
of great use to students of cycles. As there 


1s coniusion in the minds of some people in 
regard to the use of this tool, it seems wise 


to issue a Lulletin on the subject. 


Foundation for the Study of Cycles 


Some sections oi this lulletin are merely a 
restatement of what you can find in any good 
text Look of statistics. In other sections, 
however, you will find material, some of which 
is not, as far as I know, available readily, 
ii-atfalte 


I. WEFINITIONS AND DESCRIPTION OF METHODS 
(The Simple Arithmetic Moving Average) 


Averages 

Everylody knows that an average is a typi- 
cal value which tends to sum up or describe 
a number of figures. jhere are at least five 
different kinds ot averages commonly used hy 
Statisticians; but the one which ordinary. folk 
think akout when they hear the word average 
is the one computed Ly adding all the items 
together and dividing the total by the number 
of items. thus, if we have four items, 10, ]?, 
1], and 33, the average of these items is 
19 + 12 + 11 + 13 (44) divided Ly 4, or 1%. 
(‘Statisticians call an average computed this 
way the arithmetic mean, but you do not need 
to rememLer this term, Lecause I shall not use 
it again.) 

Time Series 

An arrangement of numbers is called a se- 
ries. When the numbers with which we deal 
represent events which occur one after another 
in time, the arrangement is called a time 
serieg. Thus, in the example above,if 10, 12, 
11, end 13 represent the price of cotton for 
each of four consecutive years, or represent 
the number of accidents on each of four con- 
secutive days, you would cal] the numbers Ly 
this name—a time series. 

You could still average the numlers and 
say, for exaiple, that the average price for 
ali iour years was 1]) cents, or that during 
the period there was an average oi 1 ]% acci- 
dents per day, as the cese miziit Le. 

You could also say that the average price 
for the first three years was 1] cents, (1C + 
12 + J1 (33) divided Ly 3) and that the aver- 
age price for the last three years was 12 
cents (12 + 11 +12 (36) divided ky 3).. 


Moving Averages 

A moving average is merely a succession of 
averages secureu {froin a series of numbers ly 
dropping the tirst nunLer (item) in each group 
averaged anc inciuding tve next number in the 
series after the ,roup, thus obtaining the 
next group to be averazed, and so on. 

Thus, when you averaged the first three 
nunbers of our viiwe series (10, 12, and 11) 
anu pot ll] , anu then dropped the first number 
(10) and aaded the fourth number (13) and 
averaged again and got 12, you were construc- 
ting a moving average. Kasy, wasn’t 1t? 

lecause you were averaging three items at a 
time, you woulda call the result a 2-item or 
3-term moving averaze. Jf the items repre- 
sented yearly values you would cali the result 
a 3-year moving average. If the items repre- 
sented daily values, you would call the result 
a 3-day moving average. 


Moving Totals 

The moving total is the series of succes- 
Sive totals from which the moving average is 
computed. 

For example: When, above, you added 10, 
12, andl] to get 33, and then added 12, 11, 
and 13 to get 36 (as a step in the task of 
getting 1] and 12, the two terms of the moving 
average) , you were computing a moving total. 

It was so easy that you cid it without 
knowing it! 

The moving total, lixe the moving averaye, 
shoula be posteu in a table or plotted on a 
chart ayainst the middle item of the group of 
items Leing totailed, as will be explained 
Lelow. 
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Plotting or Posting Moving Averages 

Zach item or term of a moving average 1S 
always properiy posted or plotted against the 
center of tne ,roup of items Leing averaged. 

Many otherwise intelligent people tool 
themselves into thinking that if they plot or 
post an average against the last, figure of the 
group of figures leing averaged they somehow 
are getting later values. Of course this is 
nonseuse . 

If the values for 1933, 1934 and 1935 were 
10, 12, anu 1] respectively, the average for 
these three years is ]], whether we say 1] for 
the three years beginning in 1933, or 1] for 
the three years centering on 1934, or J} for 
the three years ending in 1935. in talking 
about an average, we could choose any one of 
the three ways with equal propriety, as long 
as we made it clear which way we had chosen. 
Kut when averages are posted to a table, or 
plotted as a point on a chart, they must Le 
posted or plotted ayainst the middle of the 
group of figures being averaged, otherwise 
convention will Le violated and, much more 
important, Gistortions are introduced into all 
further work. (The reasons for this will ap- 
pear later.) Let me repeat, moving averages 
must always ve posted or plotted against the 
central item of tie items being averaged. 


Two Exanples 
To make the process doubly clear, let us 
work out teo examples: 


TABLE 1. 
COMPUTATION OF 3-YEAR AND OF 7-YEAR MOVING A VERAGES 


COMPUTATION OF A COMPUTATION OF A 


3-YEAR MoV. AVER. 


A B G D E 
3-YEAR 3-YEAR 7-YEAR 7-YEAR 
MOVING MOVING MOVING MOVING 
TOT.OF AV. OF TOT. OF AV. OF 
YEAR DATA Cot. A Cot. A Cot, A CoL. A 
(CoL.B:3 (Cot .D37 
oR COL.B or CoL.D 
x 1/3 x 1/7) 
1933 10 - . : : 
1934 12 33 1 - - 
1935 11 36 12 - - 
1936 13 40 1371/3 91 13 
1937 16 43 14 1/3 98 14 
1938 14 45 aS 109 15 4/7 
1939 ie) 46 1Sai/3 127 18 1/7 
1940 17 55 18 1/3 149 2162/7, 
1941 23 69 23 173 24 5/7 
1942 29 87 29 . 2 
1943 35 104 34 2/3 . - 
1944 40 : . ° . 


7-YEAR Mov. AVER. 


It is obvious that with a 3-year moving 
average there are no values to place against 
the first and the last items of the series. 
With a 7-year moving average there are no 
values to place against the three first and 
the three last items of the series. In con- 
structing a moving average one always loses 
one or more terms at each end. 


Fo rmnul ae 
The formula for a 3-year moving average 1S 


fa aS ue te 
MA) = RPE CEE 


where a to c represent successively each three 
consecutive terms of the data and MA), stands 
for the 3-year moving average to be posted 
against the central term, h. 

The formula for a 7-year moving average 
would be 


MA, = atbecedeerfivg 
d q 


where a to g represent successively each seven 
consecutive terms of the data and MA, stands 
for the 7-year moving average to be posted 
against the central term, d. 


Mechanical Details of Computation 


As has Leen explained, to get a 3-year 
moving average, one first computes a 3-year 
moving total, ana divides each item of the 
moving total by 3. 

To get the first figure of the moving total, 
add together the first three items of the 
data. To get the next figure of the moving 
total you suLtract the first iten of the data, 
and add the fourth. This process gives you the 
sum of items 2, 3, and 4. You proceed in this 
way successively. 

In actual practice it is hard to pick out 
which items to add and which to subtract . You 
get mixed up. 

To make the calculation foolproof, cut two 
slots out of a card or piece of paper so as to 
expose the first and fourth 
1ltems in the series, but not 
the second and third. In our 10 
example in Table 1, it would 
lion Ogk=4 ails dikeewekt hebees 
(The lines between slots must 
always be one less than the 
number of terms in the moving 
average.) 
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Place this screen over the data so that the 
first item (in this instance JQ) appears in 
the upper slot ana the fourth item (in this 
instance 13) in the lower one. 

Now, from 33, the sum of the first three 
figures, already posted in Col. RB, subtract 
whatever appears in the upper slot (10) and 
ada what you see in the lower slot. This gives 
you 36 which you enter in Col. opposite the 
arrow. (The arrow is placed against the middle 
figure of the three items whose total is ob- 
tained by this method.) 

Now, slip your screen down a 
line so that 12 shows in the upper 
slot and 16 in the lower one. 

From 36, subtract 12 and add 16 
to get 40, the third item of your 
moving total. 

Continue in this way until you 
have dropped 23 and added 40 to 
come up with the final item in the 
moving total, namely 104. 

Now, add together the last three 
items of the data-- 29 + 35 4+ 40, 
to get 104 as a check on the accu- 
racy of your work. 

If you use an adding machine 
with direct subtraction, your tape 
will look like the figures shown 
to the left: 

IT find it Letter to run the en- 
tire tape before posting any values 
to Col. E. One reason is that it 
is quicker to do your posting all 
at once. Another reason is, if you 
should make an error you will not 
need to erase from Col. B all the 
figures from the error forward. 

In doing long columns of figures, 
I also find it a good idea to check 
every 50 or 100 items by adding up 


the proper number of items of the original 
data to see if the total agrees with the sub- 
total on my tape. 

Now that we have our moving totals (Col. B) 
we compute the moving average either by di- 
viding each figure of the moving total by 3 or 
by multiplying it by the reciprocal of 3. This 
latter method is often easier. The reciprocal 
of a number is ] divided by the number. In 
this case it is .333333. 

Actually, .333333 x 33, the first figure in 
Col. B is 10.999989 which, of course, rounds 
to 11. To get the 1] in the machine directly, 
I always record the last digit of the reci- 
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procal as one more than it really is. [n this 
case we would therefore have .333334 x 33 or 
11.000022. The error is twice as large, but 
the excess is dropped anyway and this method 
saves the need of rounding. 


Alternate (Short-Cut) Method 

You can compute a moving average directly 
without computing the moving total. When a 
calculating machine is available, this method 
is usually preferable. The method is a little 
hard to descrile Lut very easy to compute. 
Proceed as follows: 

Place the reciprocal of the number of items 
of the moving average in the machine. As we 
are computing a 3-item moving average, we put 
in the machine the reciprocal of 3 which is 
1/3 or .3333383 (only, as above, we call it 
- 333334). We lock this figure into the machine 
for the whole operation. 

We first multiply this reciprocal by the 
frst item of our data, 10, and obtain 3.33334. 
Without removing this product, we then mul - 
tiply the reciprocal Ly 12 (add it in J]2 tim- 
es) and obtain a total of 7.333348. Without 
removing the product we then multiply the 
reciprocal by ]} to obtain a grand total of 
11.000022 or 11, which is the first figure of 
our moving average. (1/3 of the first item 
+ 1/3 of the second item + 1/3 of the third 
item is the same as the sum of the first three 
items divided Ly 3.) 

We then remove 1/3 of the first figure Ly 
subtracting the locked-in reciprocal ]0 times 
to get 7.666682 and multiply (add the reci- 
procal in) 13 times to obtain 12 000024 or 12, 
the second figure of our moving average. This 
process is continued right down the column 
until 23 times the reciprocal has been removed 
and 40 times the reciprocal has been added in 
to obtain 34.666736 or 34 2/3 for the moving 
average value for 1943. This value is checked 
by adding together 29 times the reciprocal, 
35 times the reciprocal, and 40 times the reci- 
procal, or adding 29, 35, and 40 and dividing 
by three. 

If we were computing a 7-year moving av- 
erage, we would, of course, use the reciprocal 
of 7, which is .142858 (the last figure has 
been raised by one).. To get the first item 
(or term as it is more usually called) of our 
moving average, we add together the sum of 
this reciprocal times each of the first seven 
items of the data, and then add and subtract 
products of the reciprocal as above. 


Moving Averages With an Even Number of I tems 

You may have noticed that so far we have 
talked exclusively akout moving averages with 
an odd numLer of terms—3 or 7. 

When we compute moving averages with an 
even number of terms such as. 2 or 4, we run 
into a slight complication, due to the fact 
that the moving average must always be posted 
or plotted against the middle of the group of 
data being averaged, and the middle of an even 
number of items fall between two of the items. 

We could post or plot a 4-year moving av- 
erage between the years and this is sometimes 
done, as in the table on the following page: 


TABLE 2. 
COMPUTATION OF A 4-YEAR MOVING AVERAGE 


i ——————————————————————————————————— 


A B € 
4-YE AR MOv. TOT. 4-YEAR Mov. AVER. 
Ore COL A OF CoL.A (CoL.Bé4 
YEAR DATA oR Coc. B x .25) 
19 33 10 
1934 12 
iste ats AG ee PN (AT POSITION 
1935 11 19341) 
Rasta tone athe 52a hee ee eA TaROS lilt ON 
193% .- 13 19354) 
19 37 16 
However, the results of this method of 


posting are very awkward to describe in words 
and preclude any comparison Letween the moving 
average and the original data. Therefore, in 
practice it 1s almost universal to compute 
a 2-item moving average of the even-term mo- 
ving average in order to center the moving 
average exactly, thus: 


TABLE 3. 
COMPUTATION OF A 2-YEAR MOVING AVERAGE OF A 4-YEAR 
MOVING AVERAGE 


A B (G D E 
4-YEAR 4-YEAR 2-YEAR 2-YEAR 
MOVING MOVING MOVING MOVING 
YEAR DATA ToT OF AV. OF TOT.OF AV. OF 
COTA Come aA Com ac CORD 
(CoL.B34 (Co. .D¥2 
OR COL.B or Co..D 
X .25) ay) 
1933 10 
1934 12 
3 46. it 
19 35 11 ae 244 12t 
: Ly. 13 
1936 13 cts ats 264. 134 
‘ 54 134 
1937 16 
1938 14 


You note that the first item of the 2-year 
moving average of the 4-year moving average is 
centered exactly against 1925; the second item 
is centered exactly against 1936. 

In practice one would have computed a 4- 
year moviss total, then a 2-year moving total 
of the 4-year moving total, and divided these 
values by &, thus: 

TABLE 4. 


COMPUTATION OF 2-YEAR MOVING AVERAGE OF 4-YEAR 
MOVING AVERAGE =P REFERRED METHOD 


A B C D 
4-YEAR 2-YEAR 2-YEAR Mov. AVER. 
MOVING MOVING OF 4-YEAR MOV.AV. 
YEAR DATA ToT. OF TOoT.OF oF CoL. A 
Cot. A Cot. B (CoL. C+ 8) 
1933 10 
19 34 12 
Ay sow kas es Meee £40 
1935 11h ER ae PEO Freee tied 
Mee SERS See oe 
1936 $3 ee a ae OO 134 
ee ct ea 54 
1937 16 
19 38 14 


Or one would have used the short-cut inethod 
and comyuted a 4-year moving average directly, 
as explained above, without bothering with the 
4-year moving total. One could also have com- 
puted the 2-year moving average of the 4-year 
moving average directly Ly the same means: 

TABLE 5. 


COMPUTATION OF 2-YEAR MOVING AVERAGE OF 4-YEAR. MOV- 
ING AVERAGE « SHORT-CuT METHOD 


A B (3 
4-YEAR Mov. 2-YEAR MOV. AVER. 


YEAR DATA AVERAGE OF OF COL. BO PseeaeA 
CoL.A, Come 4-YEAR MOV. AVER. 
PUTED DIRECTLY OF COL.A,CEN TERED 
1933 10 
19 34 12 
aes 114 
1935 11 ae 12t 
is 4 13 
1936 iste Ree 134 
. : 134 
19 37 16 
1938 14 


Also, in actual practice, to save space , 
one posts the 4-year moving average in either 
the second or third position Lut marks it 
clearly to indicate that it is not truly cen- 
terea as it shoula be, thus: 
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TABLE 6. 
COMPUTATION OF THE 2-YEAR MOVING AVERAGE OF A 4-YEAR 
MOV.AVERAGE--POSTED AS IT 1s DoNE IN ACTUAL PRACTICE 
VI_—OCOCC———__=aaa""""""""""""==—===—=—_—————=—_—_—_—_—————————_ 


A B Cc 


4-YEAR MOV.AV. 2-YEAR Mov. AVER. 
POSTED TO THE OF 4-YEAR MO. Av. 


YEAR DATA SECOND POSITION 1.£. A CENTERED 
(CENTERED MINUS 4-YEAR MOV. AVER. 
+ YEAR) OF COL.A 
eee eens eee eee eS RE Sere EE NS SSS pate St 
1933 10 
1934 12 46 
1935 11 52 12d 
1936 13 54 135 
1937 16 
1938 14 


In any event, the final column is callea a 
2-year moving average of a 4-year moving aver- 
ave or, more usually, a centered 4-year moving 
average. 


Il. 


This second section of the report will tell 
you how to use the moving average in statisti- 
cal procedure, with particular emphasis upon 
its use in cycle analysis. 

The moving’ average is used (a) to smooth 
time series, (Lb) to approximate the trena of 
time series, and (c), in cycle analysis, to 
iielp us (1) to separate cycles and (11) to obL- 
tain a more exact estimate of the character- 
istics of each of the various cycles that may 
Le present. 


A. The Use of the Moving Average 
to Smooth Time Series 


The chief use of moving averages in ordi- 
uary statistical procedure is for the smooth- 
ing of time series. As this use of the moving 
average as such does not particularly concern 
the cycle analyst, it will Le touched upon 
here only very briefly. 

A smooth curve is one which does not change 
its slope in a sudden or erratic manner. The 
stuaent interested in smoothing time series 1s 
referred to Frederick R. Macaulay’s classic, 
The Smoothing of Time Series, published ly the 
National fureau of Fconomic Fesearch (New 
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Formu! ae 

For those who like to have relationships 
expressed in formula form, it may be stated 
that the formula for a centered 4-year moving 
average 1s: 


MA —a+ 2b 4+2c+2dte 
Co Seale. ee 


or more simply: 


MA _Yatbres+d +e 
* 4 
where a to e represent successively each five 
consecutive items of the data and NA. stands 


for the 4-year moving average to Le plotted 
against c, the center term or item. 


THE USK OF THE MOVING AVERAGE 


York) in 1931. ‘this Look is now out of print 
Eut you can occasionally pick up a copy (%5 to 
#10) in second-hand Look stores and of course 
you can always consult it at any good library. 


The Effect of Moving Averages Upon fandom 
Fluctuations 


Tt should Le obvious that the eTect of mov- 
ing averages upon random fluctuations is to 
average out the irregularities. Jt should be 
eaually olvious that the more items that are 
comlined into the moving average, the smoother 
will Le your result and the closer it will 
approximate the average value of the succes- 
sive numbers. One example should be enough to 
make this pertectly clear. 

In Col. A of TalLle 7 are shown 20 digits 
taken at random from the New York City tele- 
phone book. For demonstration, these digits 
have been smoothed Ly a 3-item moving average, 
a 7-item moving average, anc a centered 1](- 
1tem moving average. See Fig. 1 on page 307. 

Tt is obvious by inspection that as we in- 
crease the number of items of the moving aver- 
age, the closer all terms of the moving aver- 
age approach the average value of all the dig- 
its, which 1s) 9.07. 


TABLE 7. 
VARIOUS MOV. AVERAGES OF A SERIES OF RANDOM NUMBERS 


A B G D 
RANDOM NUMBERS 3-1 TEM 7-1TEM CEN TERED 
(TAKEN FROM THE MOV.AVER,. Mov.AVER. 16-I TEM 
{TEM TELEPHONE BOOK) OF COL.A of CoL.A MOV.AVER. 
oF CoL.A 
ULL p es ee ee ek ae ee ce OE a Se ee ee 
1 6 : ° ° 
2 6 6.67 ° ° 
3 8 6.67 ° ° 
4 6 4.67 5.00 e 
5 10) Cees 5.28 - 
6 1 3.00 5. 28 : 
7 8 5.67 4.43 
8 8 TNE! SOA | ° 
9 6 5.33 5.00 5. 19 
10 72 3.00 5.57 4.81 
11 1 4.00 5.14 4.66 
12 9 5.00 5. 00 4.66 
13 5 6.33 5. 28 4.84 
14 5 5.67 5.00 5. 09 
15 7/ 6.67 4.86 5.09 
16 8 5.00 4.86 5.06 
e/ (@) i Ouh 4.86 Sale 
18 0 3.00 5.14 5.12 
19 9 4.67 4.43 5.03 
20 5 7.00 4.28 5.00 
21 7 4.67 5.43 5 .06 
22 2 Sas 657 5.09 
23 7 5.67 5.28 : 
24 8 7.67 At 7 ° 
25 8 5.33 4.86 : 
26 0 2.67 5. 57 - 
27 (¢) 3.00 5.14 ° 
28 9 5.33 - e 
29 i 6.67 : oS 
30 4 ° 4 a 
(SEE Fic. 1 oN: PAGE 307) 


Of course the process of smoothing also has 
the effect of minimizing cyclic fluctuations 
that may Le present in the data as well as of 
smootiiing out random fluctuations. It would 
not seem necessary to illustrate this fact at 
this point. 


Weighted Moving Avarages 

In connection with smoothing a time series, 
one often gets Letter (i.e. smoother) results 
by the use of severak successive smoothings. 
For exarple, if one took a 2-year moving aver- 
age of a “4-year moving average of a %-year 
moving average oi a time series, one would ob- 
tain a much smoother curve than could Le ob- 
tained ly any of these moving ‘averages taken 
separately. 

the compound effect, of such a series of 
consecutive movilig averages could be expressed 
Ly the following formula: 


a+ 3b+5c+7d+9e+llit]2e+12hel2i+ 

Theos +113 +9k+71+5m43n+o 

MA), = ee ee 
108 


Such a moving average is called a weighted 
moving average because for each item of the 


‘moving average each of the terms 1s used a 


different number of times and therefore with 
difterent weights. 

In the formula described, for any one term 
of ths moving average each of the items g, h, 
and i have 12 times the effect or weight in 
the composite as do items a or a, which are 
used but once. 

Macaulay reports upon many formulae which 
have Leen developed Ly various investigators 
in order to achieve particular purposes. For 
example, ‘....take a 3-months moving total of 
a S-months moving total of an 8-months moving 
total of a ]2-months moving total of the data. 
To the results apply the following extremely 
simple set of weights: + 2, -2, 0, 0, 0, Q, 
O} 493, 0,°0,-0, 0, 0, =35 +2. Divide there 
nal results by 144¢. ” 


A weighted moving average of the sort de- 
scriled above, with negative weights near the 
ends, if properly designed, will overcome the 
tendency of the ordinary moving average to 
stay too low at cycle tops and too high at cy- 
cle bottoms . 

Some of these formulae become rather com- 
plicated. For example: 

“ Take successively a 3-months moving total 

of the data, a 5-months moving total, an- 

other 5, an &, and a 12-months moving to- 
tal. To the results apply the following set 


of weights: + 1,331,771, - 1,949,656, 0, 
0, 0, 0, 0, + 2 hia otas 0, 0:, 0, Oe 0, 0, 
- 1,949,056, + 2,331,771. Divide each of 


the final results by 6,773 ,760,0M. ” 

In view of the faet that Macaulay has cov- 
ered the subject so admirably and the further 
fact that we here are not interested in smooth- 
ung as such but only in the smoothing that may 
result as we use the moving average in the 
detection and isolation of cycles, it seems 
unnecessary to give further attention at this 
time to this aspect of the subject. 


B. The Use of Moving Averages 
in Trend Determination 


The moving average is often used to give an 
approximate measure of the trend of a time 
series. 

Trend may be defined as the tendency of da- 
ta in a series to increase or decrease over a 
long period of time. How long is ‘* long” de- 
pends upon circumstances. 
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The table Lelow shows, Ly means of con- 
trolled data, three trend lines and, in con- 
nection with each, its 5-year moving average. 


The trend shown in Col. A increases by a 
constant anount, The trend shown in Col. C in- 
Creases by amounts that get progressively 


greater as time goes on. The trend shown in 
Col. F increases by auounts that get progres- 
sively jess as time goes on. Cols. l, PD, and F 
show a 5-year moving average for each of these 
three trend lines. The trends, with their 
moving averages superimposed by means of bro- 
ken lines, are shown in Fig. 2 on page 307. 


TABLE 8. 
5-YEAR MOVING AVERAGES OF CONTROLLED DATA SHOWING EFFECT UPON THREE 
Di FFERENT TYPES OF TREND 


A B GC D E F 
A TREND 5-YEAR A TREND 5-YEAR A TREND 5-YEAR 
WHI CH MOVING THAT MOVING THAT MOVING 
INCREASES AVERAGE INCREASES AVERAGE INCREASES AVERAGE 
BY A OF BY AMOUNTS OF BY AMOUNTS OF 
CoN STANT Cot. A THAT GET CoMrac THAT GET CoL.E 
YEAR AMOUNT GREATER SMALLER 
1ST 40 - (6) - (6) : 
2N D 80 - 5 . 80 - 
3RD 120 120 15 20 155 150 
4TH 150 160 30 35 225 220 
5TH 200 200 50 55 290 285 
6 TH 240 240 75 80 350 345 
7TH 280 280 105 110 405 400 
8TH 320 320 140 145 455 450 
9TH 360 360 180 185 500 495 
10TH 400 400 225 230 540 535 
11TH 440 440 275 280 575 570 
12TH 480 480 330 335 605 600 
13TH 520 520 390 395 630 625 
147TH 560 50 455 460 6 50 645 
157TH 600 600 525 530 665 660 
16 TH 640 © 600 . 675 : 
17 TH 680 - 680 - 680 : 
(SEE F1G. 2 oN PAGE 307) 


It will Le noted by comparing the moving 
averages with the trend that wnere, as in Col. 
A, the trend increases Ly a constant amount 
the moving average coincides with it. Where, 
as in Col. C, the trend increases ly amounts 
that get greater as we go from year to year, 
the moving average lies above the trend. 
Where, as in Col. E, the trend increases Ly 
amounts that get less from year to year the 
moving average lies Lelow the trend. 


The Geometric Moving Average and Its Use 

For growth curves that increase Ly an in- 
creasing amount, such as the curve set forth 
in Col. C above, we can usually get a better 
fit Ly computing the geametric moving average. 

In fact when the yrowth increases Ly in- 
creasing amounts such that the rate of growth 
is constant, the geometric moving average will 
vive a perfect fit. 

{he geometric moving average is merely the 
ath root of the terms multiplied together 


instead of the nth of the terms added to- 
gether. For example, for a 5-year geometric 
moving average, instead of successively adding 
together each tive consecutive terrs and di- 
viding by five, you successively multiply to- 
gether each tive consecutive terms and take 
the fifth root of the product. jhe formulae 
for a 5-year arithmetic moving average and a 
5-year geometric moving average are as fol- 
lows: 
The arithmetic moving average: 


a’4¢ b+ec+dte 


Cc 5 


= 
> 
il 


The geonetric moving average: 


GVA, = -\Ja xbxexdxe 


Of course, in practice, to pet a geometric 
moving average, one merely looks up the loga- 
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rithms of the data in a table of logarithms, 
records. them as in Col2*B in’ Table 9, which 
follows below, computes the arithmetic moving 
average of the logs, and reconverts Ly looking 
up the antilogs, all as demonstrated in the 
table. 


TABLE Q. 
COMPUTATION OF A 5-YEAR GEOMETRIC MOVING AVERAGE 
CONTROLLED DATA 


A B (© D 
DATA LocGs 5-YEAR AN TILOGS 
(TREND, WITH OF ARITHMETIC OF COL.C 
CONSTANT 6% COL.A Mov. AVER. 1.E.5°YEAR 
YEAR RATE OF OF THE LOGS GEOMETRIC 
GRO WTH ) Mov.AVER. 
OF COLA 
ism 100.00 2.0000 : ° 
2ND 106.00 P10) PAS) - : 
3RD 11:25836 2.0506 2.0506 Wea SH 
ATH 119.10 2.0759 2.0759 1#9.10 
5TH 126.25 NO b2 PEAO MS 126.25 
6 TH 133.82 2.1265 Zico ihe be yons tr 
7TH 141.85 2.1518 2.1518 141.85 
8TH | 150.36 2rulivival PAE IPTLA| 150. 36 
9TH 159.38 2.2024 2.2024 159. 38 
10TH 168.95 Die ey OX CAPLET 168.95 
11TH 179.08 ie Diao 2.2530 179.08 
12TH 189.83 2.2784 2.2784 189.83 
13TH PAD 7 72 BROS Y/ 2.°903 7 201.22 
14TH CApSeo 2.3290 2.3290 213.29 
15TH 226.01 AsioAS ° ° 
16TH 239.66 2. 3796 - ° 


As the 5-year geometric moving average is 
seen by inspection to be the same as the data, 
there seems to Le no need to chart the result. 

When the rate at which the curve increases 
is decreasing, the geometric moving average 
will lie Lelow tne curve. When the rate at 
which the curve is increasing, the geometric 
moving average lies alove the curve. When the 
rate of growth 1s constant, as in the example 
above, the geometric moving average lies on 
the curve. I tind the geometric moving aver- 
age very useful, and use it a great deal. 

rven though very few curves grow at an ab- 
solutely constant rate of growth, it is true 
that many growth curves tend to increase this 
way and are concave upward when plotted on 
arithmetic paper; in other words, they yrow 
from year to year in an alsolute amount which 
increases with each successive term. This is 
one reason why, in most cycle analyses it is 
usually desiraLle to deal with the logarithms 
ot the data instead of with tne data them- 
selves. 


C. The Use of the Moving Average 
in Cycle Analysis 


tlow can a knowledge otf moving averages Le 
used to assist you in cycle analysis—that is, 
(i) to help you detect ana separate cycles 
that may Le present in the data you are study - 
ing, and (ii) to help you to obtain a more 
exact knowledge of their characteristics than 
would otherwise Le possible? 

“very time you compute a moving average ot 
a time series you affect cycles of every 
length that may be present in that series. 
Lut, you influence cycles of different length 
in very different ways. And this fact in turn 
has an effect upon the comparison that you may 
make Letween two different moving averages or 
between the original data and the moving 
average. 

Therefore, where there are several cycles 
present concurrently in a time series, ly a 
suitable selectio:. of moving averages, you can 
minimize or even eliminate some of these cy- 
cles and leave others virtually unchanged or, 
if you wish, magnified. 

To see how to make these manipulations, you 
must first examine the effect of moving aver- 
ages of different lengths upon a perfectly 
regular cycle that we can use for purposes of 
demonstration. 

{bis Lrings up the question of the shape of 
the cycle that we snould use. However, betore 
we Legin to talk alout cycles and wave shapes, 
we will need to bave in nind a tew more defi- 
nitions of terms. ¥ith these out of the way we 
can return to a discussion of the proper shape 
of wave to use for our demonstration, without 
the need of interrupting the discussion to 
dGetine terms as we go along. From that point 
we can go on to a discussion of the effect of 


moving averages upon the wave shape we have 
chosen. 


Definitions of Certain Terms Used 


in Cycle Analysis 

Cycle, coming from a Greek word meaning 
circle, implies coming around to the place of 
beginning. Strictly speaking, in the word it- 
self there is no necessary implication of 
regularity, but the word is often used loosely 
to denote rhythm or periodicity. 

Rhythm, coming from a Creek word meaning 
measured time, 1mplies a Leat, or a tendency 
toward perfect regularity or periodicity. It 
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A. Trend thet increases by a vonstant amount to= 
gether with its 5-year moving average. (The 
moving average does not show because it coin=- 
cides with the trend.) 
B. Trend that increases by jncreasing amounts and, 
broken line, its 5-year moving average. Note 
Fi 1 that the moving average lies above the trend. 
Ee C. Trend that increases by decreasing amounts and, 
A. Random Numbers broken line, its 5<year moving average. Note 
B. Their 3Year Moving Average that the moving average lies below the trend. 


C. Their 7-Year Moving Average 

D. Their 16-Year Moving Average 
Note that the longer the moving 
average, the smoother the curve. 
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Its 9-Year Moving Average Its 6-Year Moving Average 
Note that a 9-year wave is completely Note that a 6=year wave is completely 
eliminsted by a 9-year moving average. eliminated by a 6-year moving average. 
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is what we really mean on most of the oc- 
Casions when we use the word cycle. 

Cycle analysig, as we are using the term in 
this Lulletin, should really Le called rhythm 
analysis, as we are concerned with rhythmic 
cyclas—cycles that recur with a beat. 

Periodicity, in the strict sense, is the 
quality of being regularly recurrent. It is a 
quality not often found in nature. The ideal 
cycles that we shall presently construct for 
purposes of demonstration, however, are true 
periodicities. 

A wave is one single cycle or undulation. 
Waves have frequency, anplituda, period, and, 
at least when they represent harmonic curves, 
phase. 


Frequency is the number of complete vi- 
Lrations to and fro—i.e. waves—per second. 
It is a term not used by cycle analysts when 
dealing with cycles that are over a second 
in length. 

Amplitude is the range on one side or the 
other from the axis around which the wave 
oscillates. Positive amlitude is the distance 
above the axis, negative amplitude is the 
distance below the axis, overall anplitude is 
the sum of the positive and negative ampli- 
tudes. Amplitude may Le expressed in absolute 
units or as a percentage of the axis or trend. 

Period is the interval of time required 
for a periodic motion to complete a cycle and 
Legin to repeat itself. It is the length of 
the wave from crest to crest or trough to 
trough or from some other point on the curve 
taken as the epoch. (The epoch is the point on 
the curve chosen as the Leginning of the wave. 
In physics and astronomy it is usually taken 
as the point where the curve crosses the axis 
on its upward motion, but it may be any other 
point as well.) 

Phase, in a simple harmonic curve, is the 
point or stage in the period to which the 
oscillation has advanced considered in re- 
lation to a standard position or assumed in - 
stant of starting. It is measured along the 
axis, usually in degrees. Fy extension of 
meaning, positive pnase is therefore the part 
of the wave above the axis or trend, and ns- 
yative phase is the part of the wave Lelow the 
axis or trend. When the crests (or troughs) of 
two or more different series of waves come at 
the same time, the waves are said to be in 
Phase with each other. When the crests of one 
series of waves coincides with the troughs of 
another series, the series are spoken of as in 
reverse phasa, 
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A siaple harmonic curve referred to once 
or twice aLove, is the curve you would get by 
tracing the motion of a pendulum upon a piece 
of smoked paper that was moving at uniform 
speed at right angles to the direction in 
which the pendulum was swaying back and forth. 
It is perfectly simple, regular, and sym- 
metrical and in mathematical study, is usually 
referred to as a sine curve. A single oscil- 
lation is called a siae wave. This curve, and 
many of these definitions are illustrated in 
Fig. 3 on page 307, 

A rectilinear or saw-tooth wave, on the 


other hand, 1s a wave the sides of which are 


straight lines; in other words, zigzag. See 
Fig. 4 on page 307. In electrical engineering 
a rectilinear wave usually refers to a square 
wave of this shape ML s7W, Lut the term has 
a more general application alsa. 


Wave Shapes Usually Found 


Kecause sine waves are so simple in shape, 
so easy to combine with each other and so 
satisfactory to handle mathematically, and 
Lecause they are the shape taken by sound 
waves and many other kinds of waves with which 
the physicist deals, 1t is assumed by.many 
Students of cycles in climatology, biology, 
economics, and other fields that the waves 
with which they deal ought to be sine shape 
toa. 

Unfortunately things are not always what 
they “f ought” to be. It has been my experi- 
ence that waves in economic and Liologic time 
series seem never to be sine shape (but this 
does not mean that the next wave I study might 
not be of this shape). 

It is hard to be sure of the exact shape of 
a wave. There are almost always variations of 
length and of anplitude, as we go from one 
wave to the next. Also there are usually sev- 
eral rhythms present concurrently, and they 
mix each other up. Finally, there are random 
factors that enter into the picture which 
sometimes cannot be removed easily without 
distorting the wave shape. Therefore I can- 
not say I am sure of the exact mathematical 
average shape of the waves in any rhythm I 
have ever studied. 

However, if I were forced to express my 
best guess, I would say that the waves we find 
in weather, biology., medicine, economics, 
hydrology, geology, etc.., are likely, on the 
average, to Le approximately rectilinear, 
that 1s saw-tooth or zigzag. It is not an 


accident that the “‘ ideal” waves that I have 
diagrammed in many of the charts that have 
Leen published are of this shape. 

More exactly, I would put it that the loga- 
rithias of the data seem, on the average, to 
conform to a zigzag shape. The result of this 
fact, of course, is that the average wave 
shape 1s saw-tooth when the raw data are plot- 
ted on semi-logarithmic paper. This is another 
way of saying that the sides of the average 
wave seem to follow the shape of the compound 
interest curve. That is, the percentage rise 
from the trough to the axis is the same as 
the percentsge rise from the axis to the crest 

For example, if the trough is at 50 and the 
axis is at 100, the crest would be at 200 (not 
319%); one hundred is twice 50, and two hundred 
is twice one hundred. A wave that follows this 
law is illustrated in Fig. 5 on page 307. 

(The characteristics just described offers 
another reason why it is usually so highly 
desirable, in subjecting a series of figures 
to a rhythm analysis, to convert the raw figu- 
res into logarithms before starting work, and 
to work with them throughout the course of the 
analysis.) 

May I hasten to say that these beliefs are 
entirely the result of observations as to how 
the waves in general actually do behave, and 
are in no sense the result of theories as to 
how the waves ‘f ought” to behave. I do not 
yet know enough to talk “‘ oughts. ” 

A second characteristic of the average 
waves of the rhythms I have studied is that 
with most of them the upward movements and the 
downward movements seem to be symmetrical. 
That is, the lows tend to fall midway between 
the highs, and vice versa. This characteristic 
is so generally true that I have come to sus- 
pect as possilly spurious any average wave 
which, without a reason, fails to conform to 
this pattern. 

On the other hand, J have come across un- 
doubted rhythms where the average waves were 
very definitely neither symmetrical nor of 
simple zigzag or compound interest form. It is 
not safe to try to generalize too rigidly. 

In discussing the effect of moving aver - 
ages upon periodic waves, I have chosen for 
illustration a perfectly symmetrical rect- 
ilinear or zigzag wave, because for small 
amplitude waves this is a close approximation 
ot the typical form and is in fact seemingly 
the exact form when the data are converted to 
logarithms. 
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The Effect of Moving Averages 
upon Periodic Waves 


1. Simple Waves 
a. When the Lenght of the Moving Average 
is the Saae as the Length of the vVave 


Suppose yuo have a time series that evi- 
dences a perfectly regular 9-year cycle that 
repeats itself time after time as in Fig. 6 
on page 307. the figures for the annual value 
of such a time series are given below. 

Let us compute the 9-year moving average of 
this series of figures as in Col. C of Table 
10. 

It is olvious from reference to Col. C that 
the wave has disappeared and that the moving 
average is merely a straight line. this 
straight line has Leen plotted as a Lroken 
line in Fig. #4. 

A moment’s reflection will explain the 
reason for this Lehavior. As the length of 
the moving average is the same as the length 
of the wave, the value of the item that is 


added 1s always the same as the value of the 
iten that 1s dropped and, in consequence, the 
moving average remains unchanged. 

It is possille to generalize the aLove ob- 
Servation and to say that when the moving 
average has the same length as any pertectly 
regular wave, its effect is to eliminate the 
wave completely . 


TABLE 10. 
A 9-YEAR MOVING AVERAGE OF A 9-YEAR WAVE IN 
CoN TROLLED DATA 


A B Cc 
CON TROLLED 9-YEAR 9 -YEAR MOo.AV. 
DATA MOVING OF THE DATA 
EVIDENCING TOT.OF (CoL. B+=9; 
A 9-YEAR DATA OR TIMES 1/9; 
YEAR WA VE OR TIMES 
eat PN Wire ut 2 
RECIPROCAL OF 9 
1S% 105 - - 
2ND 115 : : 
3RD 125 . . 
4TH 115 : : 
5TH 105 925 102.8 
6 TH 95 925 102.8 
7TH 85 925 102.8 
8TH 85 925 102.8 
9TH 95 925 102.8 
10TH 105 925 102.8 
117TH 115 925 102.8 
12TH 25) 925 102.8 
1 3TH v5 925 102.8 
147TH 105 925 102.8 
15TH 95 . * 
16TH 85 : - 
17TH 85 - : 
18TH 95 - : 


To make the procedure doubly plain and to 
pave the way for a discussion of a method of 
separating compound cycles, let us work an- 
other example. Table 11, next following, 
gives a series of figures evidencing a per- 
fectly regular 6-year wave. The data are giv- 
en, together with their centered 6-year moving 
average. 

Here again you get a complete elimination 
of the wave. The 6-year moving average of the 
6-year wave is merely a straight line. It is 
charted in Fig. 7 by means. of a Lroken line 
superimposed upon the 6-year wave with which 
we started. (See p. 307.) 

It should also be obvious that if you had 
added tie 6-year wave to a trend line that 
increased by constant amounts, the 6-year mov- 
ing average of the combined wave and trend 
line would have reproduced the trend free and 
clear of the wave. (If the trend had increased 
Ly increasing amounts, the moving average 
would have lain alove it; if Ly decreasing 
amounts the moving average would have lain 
below it; all as illustrated in an earlier 
section .) 


TABLE 11. 
A 6-YEAR MOVING AVERAGE OF A 6-YEAR WAVE 


A B c D 
DATA 6 -YEAR 2-YEAR 6 -YEAR 
EVIDENCING MOVING MOVING MOVING 
A 6-YEAR TOT.OF TOT.OF AV. OF 
WA VE THE DATA COlURac THE DATA 
POSTED POSTED CENTERED 
YEAR TO THE 3RD TO TRE (CoL.C:12 
POSITION 2ND 
POSITION 
1sT 105 - ° ° 
2ND 115 . : . 
3RD 105 600 ° : 
ATH 95 600 1200 100 
5TH 85 600 1200 100 
6 TH 95 600 1200 100 
7TH 105 6.00 1200 100 
8TH 115 600 1200 100 
9TH 105 600 1.200 100 
{OTH 95 - . 6 
11TH 85 ° . ° 
12TH 95 : : > 


Waves of Odd and Peculiar Shape 

You may wonder if we would get the same 
resulta straight line—if the wave had some 
other shape. As long as the repetition 1s 
perfectly regular, the shape of the wave makes 
no difference whatever... This fact is il- 
lustrated in the table that tollows: 


TABLE 12. 
A 5-YEAR MOVING AVERAGE OF AN 
WAVE 


IRREGULAR 5-YEAR 


—————e————————————aaauauauauauauauauauoueueeeEeEEEOeeeeeeee 
B 


) 
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DATA EVIDENCING 
AN IRREGULAR AVERAGE OF 
SHAPED 5-YEAR THE DATA 
YEAR REPETITIVE 
PATTERN 
Sin 100 - 
2ND 125 és 
3RD 85 100 
4TH 105 100 
5TH 85 100 
6 TH 100 100 
7TH 125 100 
8TH 85 100 
9TH 105 i 
10 TH 85 e 


The reason we get a straight line is Le- 
cause the value we add is always the same as 
the value we drop. 


b. When the Length of the Moving Average is 
An Integral Multiple of the Langth of the wave 

A moving average that is two or three (or 
any other integral multiple) times the length 
of the wave will also completely eliminate 
any regular wave. 

Thus, if we have a perfectly regular 9-year 
wave, an 18-year moving average will com- 
pletely eliminate it, and so will a 27-year 
moving average, or a 36-year moving average. 

If we have a perfectly regular 6-year wave, 
a 12-year, 18-year, 24-year, or 30-year moving 
average would give the same result. 

You should also note that an 18-year moving 
average would completely eliminate both the 
9-year and 6-year waves, because ]8 is a mul- 
tiple of Loth 9 years and 6 years. 


c, When the Moving Average is of a Length 
That is Different From the Length of the Wave, 
or from sone Integral Multiple of It. 

You may wonder what a 3-year moving average 
of a 9-year wave might look like, or a 5-year 
moving average, or a 7-year moving average, or 
an ]]-year moving average, or a ]3-year moving 
average. 

At this point the shape of the wave begins 
to make a difference. Let us therefore con- 
sider first the effect upon a rectilinear (saw 
tooth) wave. Such a wave is given in Table 13 
on the page following, together with moving 
averages of various lengths. The various 
values are plotted in Fig. 8 on page 313, 

You will note that as the moving averages 
get longer they becowe flatter until, when 


5-YEAR MOV. é. 


the length of the moving average equals the 
length of the wave, the moving average becomes 
a straight line. When the moving average is 
longer than the length of the wave, the wave 
reappears in inverse (upside down) phase. 
That is, for the ] ]-year and 13-year moving 
averages, the 9-year wave reappears with 
troughs where there were crests in the ori- 
ginal data, and with crests in the moving 
average where we originally had troughs. 


The reason for this is very easy to see. 
The 13-year moving average, for example, 
centering on a trough, groups together two 
highs and one low and is therefore obviously 
above the average of one 9-year wave, at time 


of trough. As we progress in time to a po- 
Sition centering on a crest, the ] 3-year 
moving average includes two lows and one high 
and is therefore obviously below the average 
of one 9-year wave at time of crest. 


TABLE 13. 
VARIOUS MOVING AVERAGES OF A 9-YEAR WAVE 


A B Cc 
DATA 
EVIDENCING 3-YEAR 5-YEAR 
A REGULAR MOVING MOVING 
RECTILINEAR AVERAGE AVERAGE 
YEAR 9-YEAR WAVE OF DATA OF DATA 
AST 105 - 
2N D 115 arene) - 
3RD 125 118.3 113 
4TH 115 115.0 111 
5TH 105 105.0 105 
6 TH 95 95.0 97 
7TH 85 88.3 93 
8TH 85 88.3 93 
9TH 95 95.0 97 
10TH 105 105.0 105 
117TH 115 115.0 111 
12TH 125 118.3 113 
137TH 115 115.0 111 
14TH 105 105.0 105 
15TH 95 95.0 97 
16TH 85 88.3 93 
17TH 85 88.3 93 
18TH 95 95.0 97 
19TH 105 105.0 105 
20TH 115 11520 111 
2187 125 118.3 113 
22ND 115 115.0 Vat 
23RD 105 105.0 105 
24TH 95 95.0 97 
25TH 85 88.3 93 
26 TH 85 88.3 93 
27TH 95 95.0 105 
28TH 105 105.0 111 
29TH PS 1520 : 
30TH 125 ° 2 


(H!GHS OF EACH CYCLE UNDERLINED) 


D E F (e 
7-YEAR 9-YEAR 11-YEAR 13-YEAR 
MO VING MOVING MOVING MOVING 
AVERAGE AVERAGE AVERAGE AVERAGE 
OF DATA OF DATA QF DATA OF DATA 

106.4 - . - 
103.6 102.8 - - 
100.7 102.8 04.1 - 
97.8 102.8 105. 106.5 
97.8 102.8 105.9 106.5 
100.7 102.8 104.1 105.0 
103.6 102.8. 102.3 102.7 
106.4 102.8 100.5 100.4 
107.8 102.8 99.5 99.6 
106.4 102.8 100.5 100.4 
103.6 102.8 10253 102.7 
100.7 102.8 104.1 105.0 
97.8 102.8 105.9 106.5 
97.8 102.8 105.9 106.5 
100.7 102.8 104.1 105.0 
103.6 102.8 102.3 102.7 
106.4 102.8 100.5 100.4 
107.8 102.8 99.5 99.6 
106.4 102.8 100.5 100.4 
103.6 102.8 102.3 102.7 
100.7 102.8 104.1 105.0 
97.8 102.8 105.9 - 
97.8 102.8 - 

100.7 102.8 


d. Generalization for Rectilinear Waves 

Fig. 9 was worked out by Benjamin Foote 
and James A. Mitche!l of the Hartford Electric 
Light Company to generalize these facts for 
rectilinear waves. The chart was drawn for you 
Ly Mr. Mitchell. It gives you the percentage 
of the original amplitude remaining in the 
moving average for all simple arithmetic 
moving averages up to four times the length 
of the wave. (Fig. 9 will be found later in 
this bulletin on page 314.) This chart is a 


most useful one for all cycle analysts. I use 


mine constantly. Let us work out an example 
or twa. 


Two Examples 

Suppose we have taken a 22-year moving 
average of a series of figures that contains 
a 17-year rectilinear (zipzag) wave. How much 
cf the 17-year wave would remain in the 22- 
year moving average? Twenty-two is approxi - 
mately 1 9.4% of 17. Find 120 on the horizon- 
tal scale at the bottom of Fig.9. Construct a 


a i 


perpendicular at this point. This perpendicu- 
lar will cut the curved line at about minus 
16 (read from the scale at position 50. The 
scale at the extreme left is for values on the 
horizontal scale from 0 to 50). There will 
therefore be minus 16% of the 17-year wave 
remaining in the moving average; that is, the 
wave in the moving averages will be in reverse 
phase or upside down from the wave in the 
original data. 

Suppose we had taken a 38-year moving aver- 
age of the same series of figures. How much 
of the original 17-year wave would be present 
in this 38-year moving average? Thirty-eight 
is 293.5% of 17. Therefore, we find 224 on our 
horizontal scale, construct a perpendicular. 
This perpendicular intersects the curve at 
plus 8 (read from the scale at position 50). 
Therefore, we know that 8% of the original 
amplitude of the] 7-year rectilinear wave is 
still present in the 38-year moving average 
of these tigures. If the amplitude of the 
moving average should prove to be 4, let us 


TABLE 
PERCENTAGE OF AMPLITUDE OF ORIGINAL WAVE REMAINING IN A MOVING AVERAGE, 


WHEN THE WAVE IS REGULAR, SYMMETRICAL 


AN 


say, we could easily calculate that in the 
original figures it was 50 Lecause 4 is 8% 


Oi 50" 


Use of Tables 

You may prefer to use a table instead of 
the chart. If so, you can refer to Table A 
be low. 

Let us work an example: Suppose we have a 
23-year moving average of a regular zigzag 
shaped 54-year rhythm. How much of the rhythm 
remains in the moving average? Twenty three 
divided by 54 is 42.6%. Look up 42.6% in the 
first column in Table A—the column headed 
“The length of the moving average expressed as 
a percentage of the length of the wave. ” We 
find no value for 42.6 but we do find values 
for 40 and for 45. The percentage of the 
original amplitude remaining in the moving 
average for 40 is 60%, for 45 is 55%. By 
interpolation it is easy to compute that the 
correct percentage for 42.6% is 57.4%, the 
required answer. 


A 


Dp RECTILINEAR OR SAW-TOOTH IN SHAPE, 


FoR VARIOUS LENGTHS OF MOVING AVERAGES UP TO FOUR TIMES THE LENGTH OF THE WAVE. 


a 
TEE aa 


THE LENGTH 


OF THE 
MOVING PERCENTAGE 
AVERAGE OF 
EXPRESSED ORIGINAL 
As A PER- AMPLITUDE 
CENTAGE OF REMAINING 
THE LENGTH IN THE A B 
OF THE MoVING CONT'D CONT'D. 
WAVE AVERAGE oF? scoot ee ao tee stes 
(6) 100. 100 10 
5 95. 105 -4.5 
10 90. 110 -8.2 
1b} 85. 115 Se 
20 80. 120 ra ee lee} 
25 RSs 125 -15.0 
30 70. 130 -16.2 
35 65. 135 -16.8 
40 60. 140 Ae || 
45 55: 145 RWhew 
50 50; 150 -16.7 
55 45. 155 -16.0 
60 40. 160 -15.0 
65 Son 165 -13.8 
70 30. 170 -12.4 
Ws 25. 175 -10.7 
80 20. 180 -8.9 
85 15. 185 6.9 
90 10. 190 -4.7 
95 5. 195 -2.4 
100 0. 200 0.0 


A B A B 
CONT'D. ConT'D. CONT'D. CONT'D. 
200 0 300 .0 
205 2.3 305 -1.6 
210 4g3 310 -2.9 
215 5.9 315 -4.0 
220 tes 320 -5.0 
225 8.3 S20 -5.8 
230 9.1 330 6.4 
235 9.7 335 6.8 
240 10.0 340 STeul 
245 10.1 345 Sra 
250 10.0 350 7.1 
255 o.7 355 -7.0 
260 Oz 360 6.7 
265 8.6 365 -6.2 
270 83} 370 -5.7 
275 6.8 375 -5.0 
280 Sea 380 -4.2 
285 4.5 385 =i 
290 Shoal 390 -2.3 
295 1.6 395 -1.2 
300 0.0 400 00 


ab2 


Fig. 8 
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eit A. A series of 9-year rectilinear waves 


80 Stale SSseee : B. Their Syear moving average 


C. Their 5=year moving average 
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D. Their 7-year moving average 


E. Their 9-year moving average 


F, Their lleyear moving average 


G. Their 13-year moving average 


Note how, as the moving average gets longer 
the waves get flatter until, when the length 
of the moving average is the same as the 
length of the wave, they disappear. As the 
= Sananin uiakanbe moving abled gets eres re eu 
sacs == Soca reappear in reverse phase (upside down). 
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FIG. 10. FOR SINE WAVES — The Length of the e 
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8. Generalization for Sine Waves 

At this point you may ask, does this chart 
hold true for sime waves and for other waves 
that are not rectilinear or zigzag shape? 
No, it does not. Each shape of wave requires 
a separate diagram. For sine waves Mr. Foote 
and Mr. Mitchell constructed Fig. 1U, inserted 


TABLE 


previously in this bulletin on page 314, to 
show the percentage of the original amplitude 
remaining in the moving average of a sine wave 
for all given lengths of moving average up to 
four times the length of the wave. 

If you prefer to use a table, refer to 


Table B below. 


B 


PERCENTAGE OF AMPLITUDE OF ORIGINAL WAVE REMAINING IN A MOVING AVERAGE, 


WHEN THE WAVE 1S REGULAR, SYMMETRICAL, 


AND SINE SHAPED 


FOR VARIOUS LENGTHS OF MOVING AVERAGES UP To FOUR TIMES THE LENGTH OF THE WAVE 


A 
THE LENGTH B 
OF THE 
MOVING PERCENTAGE 
AVERAGE OF 
EXPRESSED ORIGINAL 
As A PerR- AMPLITUDE 
CENTAGE OF REMAINING 
THE LENGTH IN THE A B 
OF THE MOVING CONT'D CONT'D. 
WAVE AVERAGE! |) - tetccanen? te sen emee 
0 Ae) 100 fe) 
5 99.4 105 -4.7 
10 98.4 110 -8.9 
15 96.4 115 -12.6 
20 93.6 120 -15.6 
25 90.1 25 -18.0 
30 85.9 130 -19.8 
35 81.0 135 -21.0 
40 75.7 140 -21.6 
45 69.9 145 -21.7 
50 hela Y/ 150 -21.2 
55 Sie 155. -20.3 
60 50.5 160 -18.9 
65 43.6 165 culls 
70 36.8 170 15.1 
75 30.0 175 -12.9 
80 23.4 180 -10.4 
85 17.0 185 -7.8 
90 10.9 190 ~5.2 
95 bine 195 -2.5 
100 0 200 (6) 


2. Compound Waves 
Moving Averages of Time Series Influenced by 
Two or More Concurrent Cycles 

Let us now add together the two series of 
figures containing the 6-year wave and the 9 - 
year wave respectively that we dealt with 
above and which were charted in Figs. 6 and 7. 
This addition is performed in the table on the 
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A B A B 
CONT’ D CONT'D. ConT’D. ConT’D. 
200 a0) 300 0 
205 2.4 305 -1.6 
210 4.7 310 SSie: 
215 (Sincur S35 4.6 
220 . oa5 320 -5.8 
225 10.0 325 6.9 
230 Ue heer 330 7.8 
235 WP oA 335 -8.5 
240 12.6 340 -8.9 
245 12.8 345 9.1 
250 Wed) 350 -9.1 
255 1233) 355 -8 .9 
260 11.6 360 8.4 
265 10.7 365 -7 .8 
270 Oyen 370 -7.0 
275 8.2 375 76.0 
280 6.7 380 -4.9 
285 5.1 385 -3.7 
290 3.4 390 -2.5 
295 ee, 395 = ike, 
300 0 400 0) 


following page and the result is plotted in 
Fig. 11 on page 319, 

is sum is the kind of a pattern one might 
expect in the total sales of a company that 
were equally divided between two products, 
the sales of one of which fluctuated with a 
9-year rhythm, and a second product, the sales 
of which fluctuated with a 6-year rhythm. 


TABLE 14. 


6 -YEAR, 9-YEAR, 


AND 18-YEAR MOVING AVERAGES OF A COMPOUND WAVE 


A B Cc D E F 
6-YEAR 18-YEAR 
MOVING 9-YEAR MOVING 
DATA DATA SuM OF AVERAGE MOVING AVERAGE 
EVIDENCING EVIDENCING Cot. A OF AVERAGE OF 
THE 9-YEAR THE 6-YEAR AND COuL-cs OF COG, 
YEAR CYCLE CYCLE Col. 4B CENTERED Cot. C CEN TERED 
{ST 105 105 210 - : ° 
2ND 115 115 230 - : : 
3RD 125 105 230 ° - ° 
4TH 115 95 210 208.3 . - 
5TH 105 85 190 204.2 205.6 : 
6 TH 95 95 190 199.2 204.4 ° 
7TH 85 105 190 195.8 201.1 : 
8TH 85 115 200 195.8 200.0 - 
9TH 95 105 200 199.2 201.1 ~ 
10TH 105 95 200 204.2 204.4 202.8 
11TH 115 85 200 208.3 205.6 202.8 
12TH 125 95 220 210.0 204.4 202.8 
137H 115 105 220 208.3 201.1 202.8 
14TH 105 115 220 204.2 200.0 202.8 
15TH 95 105 200 199.2 201.1 202.8 
16TH 85 95 180 195.8 204.4 202.8 
17TH 85 85 170 195.8 205.6 202.8 
187TH 95 95 190 199.2 204.4 202.8 
19TH 105 105 210 204.2 201.1 202.8 
20 TH 115 115 230 208.3 200.0 202.8 
21ST 125 105 230 210.0 201.1 202.8 
22ND 5 95 210 208.3 204.4 202.8 
23RD 105 85 190 204. 2 205.6 202.8 
24TH 95 95 190 199.2 204.4 202.8 
25TH 85 105 190 195.8 201.1 202.8 
26 TH 85 115 200 195.8 200.0 202.8 
27TH 95 105 200 199.2 201.1 202.8 
28TH 105 95 200 204.2 204.4 - 
29TH 115 85 200 208.3 205.6 - 
30TH 125 95 220 210.0 204.4 - 
31ST 115 105 220 208.3 201.1 - 
32ND 105 115 220 204.2 201.1 - 
33RD 95 105 200 199.2 : - 
34TH 85 95 180 - : : 
35TH 85 85 170 : : : 
36 TH 95 95 190 - : - 


(H!1GHS OF EACH CYCLE UNDERLINED) 


Let us now take these figures that evidence 
this composite wave and compute first a 9-year 
moving average, second, a 6-year moving aver - 
age and third, an 18-year moving average as 
in the table on the preceding page. The vari- 
ous moving averages are plotted in Fig. ll 
on page 319, The 9-year moving average has the 
effect of completely eliminating the 9-year 
component of the series and shows the 6-year 
wave in reverse phase, that is to say, with 
tops where bottoms used to be and vice versa, 
but with reduced amplitude, all as we would 
expect from the foregoing discussion. 

The 6-year moving average has the effect of 
completely eliminating the 6-year wave and 
leaving the 9-year wave in proper phase posi- 
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tion (that is, with tops of the moving average 
where there were tops in the data, and Lottoms 
in the moving average where there were hot- 
toms in the data), Lut with greatly reduced 
amplitude. 

The 18-year moving average of course elimi- 
nates both 6-year and 9-year waves, and would 
also have eliminated any 4¥-year wave (\% of 18 
years), any 3.6-year wave (1/5 of 18 years)., 
any 3-year wave (1/6 of 18 years) and so on if 
there had been such in the original data. by 
the same token, it would have revealed any 
wave longer than 18 years, or shorter waves 
that were not integral fractions of the length 
of18 years, or both, if these had also Leen 
present in the data. 


Discussion 

It should be clear from the foregoing 
denonstrations that every time you take a mov- 
ing average of a series of figures, you are 
performing an operation that has an effect 
upon the amplitude, and sometimes reverses 
the phase, of all the regularly recurring 
waves that may Le present in the original 
figures. It is this fact that prompts the 
Celticism that one is really not able to start 
a rhythmic analysis until after one has 
finished it. 

In other words, until one knows the length 
of all the waves that are present in a series, 
one is not fully in a position to choose the 
lengths of the moving averages to use to 
emphasize some and subordinate others. 


Comparison of the Kaw Data With 
with the Moving Average 


In the section which began on page 309, you 
had demonstrated for you the fact that when 
the length of the moving average is the same 
as the length of the wave, the effect 1s the 
complete elimination of the wave. 

Where the original data consist of nothing 
Lut a wave (and a horizontal trend line) as 
in Tables 10 and 1]l., it is obvious that if 
we compare the original data with the moving 
average (which 1s a horizontal straight line) 
the result will merely reconstitute the wave 
in its entirety. This fact is illustrated in 
Curve EE of Fig. 12 on page 321 and in Col. 
EE of Takle 15 on page 320, 

When the moving average 1s of a length 
which ditfers from the length of the wave in 
the original data, or some multiple of it, 
some part of the original wave will remain in 
the moving average. his residue of the o- 
riginal wave remaining in the moving average 
will Le either in phase with the original wave 
or in reverse phase (upside down). All of 
this was demonstrated in Table 13 and illus- 
trated in Fig. 8. 

When the moving average retains some of the 
wave in phase with the original wave, and 
when the original data are compared with such 
a moving average, it should be clear that the 
difference Letween the two will show the o- 
riginal wave with reduced amplitude. For ex- 
ample, 1f we have a 9 year wave with an ampli- 
tude of 10, and the moving average also con- 
tains a 9-year wave coming at the same time 


with an amplitude of 2, the series of figures 
evidencing the difference between the two 
waves will show an amplitude of 8. 


When the moving average shows the wave in 
reverse phase, or upside down, and when the 
original data are compared with it, the dif- 
ference Letween the two will show the original 
wave with increased amplitude. For example, 
if the wave just discussed with an amplitude 
of 10 were being compared with a moving aver - 
age that was of such a length that it evi- 
denced a 9-year wave with an amplitude of -], 
the wave in the series of figures evidencing 
the difference. would show an amplitude of 11. 
These facts are all illustrated for the moving 
averages given in Table 13, in Fig. 12 and 
in Table 15 on page 320. 

It should be noted that the comparisons 
above have been made by subtraction for the 
sake of si plicity.. In actual practice one 
ordinarily makes the comparison by division 
and determines the percentages that the o- 
riginal data are of their moving average. 

There are several reasons for making the 
comparisons on a percentage basis. One has 
already been mentioned—the fact that mostly 
the waves seem to Le the same percentage above 
and Lelow the axis. When one uses percentages 
on real waves therefore, one tends to get 
waves that are symmetrical with respect to the 
axis. 

A second reason is that in actual practice, 
most waves with which one deals are super- 
imposed upon trend lines. That is, the phe- 


nomenon with which we deal, let us say the 
alundance of lynx or the thickness of tree 
Tings or the size of a business, has a long 
term increase or decrease over a period of 
time. Experience indicates that the waves that 
are associated with these various phenom- 
ena are usually of approximately constant 
Percentage amplitude. 

A third reason for making percentage com- 
parisons, even if the trend should be hori- 
zontal, is that if there should be other waves 
it will usually be found that the various 
waves combine Ly multiplication and not by ad- 
dition. They therefore must be unscrambled by 
division instead of by subtraction. 

A fourth reason for making comparison on 
a percentage basis is that in making pro- 
jections for most series, one must talk of the 
waves in terms of percentages. “If the wave 
continues, the sales of the company at such 
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C. Their summation (A + B) 


240 Steerer ee = Se D. <A 6-year moving average of the 
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E. <A 9-year moving average of the 
summation ( reveals a 6-year wave 
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and such a time will Le 10% above its then where the waves in the original data are 


trend line.” Where the trend line will be expressed in plus and minus values, and (Lb) 
at the time must be computed separately. the case where some of the values of the raw 
data are zero. In these instances, compari- e 
The only exceptions to the above rule that sons between the moving average and the data ” 
occurs to me at the moment are (a) the case should usually be made by subtraction. 
TABLE 15. 


COMPARISON OF ORIGINAL CONTROLLED DATA WITH VARIOUS MOVING AVERAGES 


A B BB (e CC D DD E Ee F FF G GG 
DATA DATA DATA DATA DATA DATA DATA 
Evi DENC - DIVIDED DIVIDED DiviDED DiviDED DIviDED DIv!IDED 

ING A BY BY BY BY BY BY 
REGULAR 3-YEAR THEIR 5 YEAR THEIR 7 YEAR THEIR 9-YEAR THEIR 11-YEAR THEIR 13 -YEAR THEIR 
SAW - MOVING 3-YEAR MOVING 5-YEAR MOVING 7-YEAR MOVING 9-YEAR MOVING 11-YEAR MOVING 13 -YEAR 


TOO TH AVERAGE MOVING AVERAGE MOVING AVERAGE MOVING AVERAGE MOVING AVERAGE MOVING AVERAGE MOVING 
9 -YEAR OF THE AVERAGE OF THE AVERAGE OF THE AVERAGE OF THE AVERAGE OF THE AVERAGE OF THE AVERAGE 


YEAR WAVE DATA (%) DATA ( %) DATA ( %) DATA (%) DATA (%) DATA (%) 
1sT 105 - - : : - - - : - ° - . 
2ND 115 115.0 100.0 : : : : : © = ¢ 
3RD 125 118z3 105.7 113.0 110.6 - - : : : : : 
4TH 115 115.0 100.0 111.0 103.6 106.4 108.1 : - : ° : - 
5TH 105 105.0 100.0 105.0 100.0 103.6 101.4 102.8 102.1 - : . 

6 TH 95 95.0 100.0 97.0 97.9 100.7 94.3 102.8 92.4 104. 1 91.3 : - 

7TH 85 88.3 96.3 93.0 91.4 97.8 86.9 102.8 82.7 105.9 80.3 106.5 79.8 
8TH 85 88.3 96.3 93.0 91.4 97.8 86.9 102.8 82.7 105.9 80.3 106.5 79.8 
9TH 95 95.0 100.0 97.0 97.9 100.7 94.3 102.8 92.4 104. 1 91.3 105.0 90.5 

10TH 105 105.0 100.0 105.0 100.0 103.6 101.4 102.8 °102.1 102. 3 102.6 102.7 102.2 

11TH 115 115.0 100.0 111.0 103.6 106.4 108.1 102.8 111.9 100. 5 114,4 100.4 1M IE, Rs 

12TH. 125 118.3 105.7 113.0 L10.6 : 116.0 102.8 121.6 99.5 125.6 99.6 125.5 

LOT ew litS 115.0 100.0 111.0 103.6 106.4 108.1 102.56) .111.9 100.5 114.4 100.4 114.5 

14TH 105 105.0 100.0 105.0 100.0 103.6 101.4 102.8 102.1 102. 3 102.6 OZ 102.2 

15TH 95 95.0 100.0 97.0 97.9 100.7 94.3 102.8 92.4 104. 1 91.3 105.0 90.5 

16TH, 85 88.3 96.3 93.0 91.4 97.8 86.9 102.8 Si2o7r 105. 9 80.3 106.5 79.8 

17TH 85 88 .3 96.3 93.0 91.4 97.8 86.9 102.8 S207 105.9 80.3 106.5 79.8 

18 TH 95 95.0 100.0 97.0 97.9 100.7 94.3 102.8 92.4 104. 1 Shoes 105.0 90.5 

19TH 105 105.0 100.0 105.0 100.0 103.6 101.4 102.8 102.1 10253 102.6 102.7 102.2 

20TH 115 115.0 100.0 111.0 103.6 106.4 108.1 102.8 111.9 100.5 114.4 100.4 114.5 

isi a2 5: 118.3 LOSres 113.0 110.6 107.8 116.0 102.8 121.6 99.5 125.6 99.6 125.5 

22ND 115 115.0 109.0 111.0 103.6 106.4 108.1 102.8 111.9 100. 5 114.4 100.4 114.5 

23RD 105 105.0 100.0 105.0 100.0 103.6 101.4 102.8 102. 1 1023 102.6 102.7 102.2 

24TH 95 95.0 100.0 97.0 97.9 100.7 94.3 102.8 92.4 104. 1 97.3 105.0 90.5 

25TH 85 88.3 96.3 93.0 91.4 97.8 86.9 102.8 82.7 105.9 80.3 106.5 79.8 

26 TH 85 88.3 96.3 93.0 Ql.4 97.8 86.9 102.8 Si2o7 105.9 80.3 106.5 79.8 

27TH 95 95.0 100.0 97.0 97.9 100.7 94.3 102.8 92.4 104. 1 91.3 - : 

28TH 105 105.0 100.0 105.0 100.0 103.6 101.4 102.8 102. 1 - - - - 

29TH 115 115.0 100. 0 111.0 103.6 106.4 108.1 - - - - ° 5 

30TH 125 LiBi0S 105.7 Seeks) 110.6 - . - . . 5 ° 

SiS ite too TT5Se0 100.0 ° : - ° : : - e ° c 

32ND 105 - - - - - - - - - - 3 . 


(ALL CRESTS UNDERLINED) 
—— 


Tt will be noted both in the chart and in That is, if the wave in the original data is 9 


the table that when we compare the original years long, and we run a 7-year moving average 
data with their various moving averages that through the series (Col. D above) and compare 
the rhythm that was present in the original the original data with the 7-year moving aver- 


data continues present in the comparison , age (Col. DD)., we get the 9-year rhythm with 
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Fig. 12 
S&B. 9-Year ode hatred aes Together With DD. Data Divided by Their 7=Year Moving Average 
Diego taat sy cvine aie sey A&E. 9-Year Rectilinear Wave Together With 
Bu. Data Divided by Their 3-Year Moving Average Its 9-Year Moving Average 


A&C. 9-Year Rectilinear Wave Together With EE. Data Divided by Their 9-Yesr Moving Average 


Its 5—Year Moving Average 
CC. Data Divided by Their 5-Year Moving Average ae iets oabpec Maar ont 4 sie 


A& D. 9eYear Rectilinear Wave Together With = 
Ita 7-Year Moving Average FF. Data Divided by Their 1l-Year Moving Average 


Note: Note that as the number of terms in the moving average increase and the moving average 
gets flatter, the original wave reappears more and more in the percentages. When the moving 
average equals the length of the wave, the wave reappears fully. As the number of items in 

the moving average increase further, the amplitude of the original wave is magnified. 


Note also that the vercentages that the data are of their moving averages always evidence 
waves of the length of the wave in the original data and not the length of the moving average. 


Sud 


which we started, albeit with greatly reduced 
amplitude. 

In other words, the 7-year moving average 
of the data does not in any sense of the word 
introduce a 7-year rhythm into the compari- 
sons. 

The converse of this statement is that if 
we have a 9-year rhythm in the original data 
and take a 9-year moving average of the se- 
ries, conpare the original data with this 9- 
year moving average and find a 9-year wave, 
the 9-year wave we find can in no sense be 
construed as a result of a 9-year moving 
average, either. This seems to Le the hard- 
est thing alout moving averages ‘for people to 
realize. 

It 1s suggested that you prove these state- 
ments to yourself by computing the percen- 
tages that actual figures which evidence a 
rhythm are of moving averages of various 
lengths. 


Comparison of One Moving Average 
with Another 


lhe comparison of one moving average with 
another is merely an extension of the princi- 
ples that have leen explainea fully in the 
foregoing pages. One moving average can Le 
used to eliminate one or more of the minor 
waves and minimize random fluctuations, an- 
other can be used to approximate the trend 
line. The comparison of the two, if the 
lengths have been properly chosen, will often 
reveal or emphasize waves of intermediate 
length. 
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Summary 


The moving average is a useful tool for 
cycle analysts. 

By smoothing out random fluctuations and 
shorter cycles, it aids the eye to see more 
clearly the waves of intermediate and longer 
length. 

When the length is suitably chosen, the 
moving average provides an approximation of 
the underlying growth trend with, however, the 
disadvantage that the moving average will lie 
aLove or kelow the true trend, unless the 
trend 1s increasing Ly a constant amount. 

By the proper choice of length, the moving 
average can often effect a complete separation 
of two interacting wave systems present con- 
currently in the same time series. 

By means of the technique of first com- 
puting the moving average of a series and then 
computing the percentages that the original 
data are of the moving average, it is possible 
to oltain a curve in which the distorting 
effect of trend and of longer cycles are mini- 
mized. 

The use of moving averages can Le compared 
to the use of color filters on a camera. By 
the proper choice of a filter, you can re- 
veal characteristics of, the article being 
photographed, such as grain in a piece of 
wood, that might Le completely lost in an 
ordinary photograph and might be overlooked 
even by the naked eye. lhe moving average can 
Le used in the same way.. 

Used with intelligence, and with a full 
knowledge of its limitations, the moving aver- 
age is a very valuakle tool for the cycle 
analyst. 
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FREE! 


You have doubtless heard of the cycle 
analysis of common stock prices made by 
Mr. Vedder Hughey of Coral Gables, Florida 
and issued under the trade name of PREDIX. 

Mr. Hughey’s publication consists of a 
large (32 x 22) three color chart together 
with a 24-page booklet. 


What the chart shows 


The chart shows quarterly average com- 
mon stock prices from 1854 through the 
second quarter of 1951, it plots the trend 
and diagrams 19 different cycles found by 
Mr. Hughey in these quarterly averages, 
and it shows the amplitude and timing of 
each cycle. The chart projects the trend 
and each of the discovered cycles through 
1972. The chart also shows a combination 
or synthesis of the trend and all of these 
19 cycles. It compares this synthesis with 
actual stock market behavior 1854-1951 and 
projects the synthesis through 1972 to 
show the combined effect if the indicated 
cycles are real and continue. 


The booklet 


The booklet tells something of the 
methods used, gives a test forecast 1928- 
1952 based on data no later than 1915, and 
gives tables showing the actual numerical 
value of the index (in logs), the combina- 
tion of cycles and trend, and the residue. 
It also gives dates and numerical values 
of the turning points of each of the 19 
waves. 

The job impresses me as honest, schol- 
arly, competent, and worthy of the most 
careful consideration by all serious stu- 
dents of cycles. 


The chart and booklet ordinarily sell 
for *10. 

However, to help the Foundation along 
Mr. Hughey will send you this $10 chart 
and booklet absolutely free if you send in 
to us a gift membership.in the Foundation 
(*10) for some friend along with the re- 
newal of your own membership. 


FOUNDATION FOR THE STUDY OF CYCLES 


9 EAST 77th STREET 


NEW YORK 21, N. Y. 


